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Farval spray 
lubrication 
system 
keeps A-C ball 
mill running 
smoothly 


Inspecting the new installation of a 
Farval spray lubrication system On an 
Allis-Chalmers ball mill at Marquette 
Cement Company’s Milwaukee plant 
is Erv Klovers, project engineer at 
Allis-Chalmers. 


Mr. Klovers’ task was to find an eco- 
nomical and dependable lubrication 
system to guard the large diameter, 
wide-faced gears that power the ball 
mill. So he contacted Farval and 
together we designed the original spray 
lubrication system for ball mill gearing. 
It was completely flexible in arrange- 
mentand position—fit his requirements 
to the letter—showed savings in both 
lubricant and labor costs. 


With Farval, gears can be sprayed with 
the proper lubricant in any amount 
specified, as often as necessary—with- 
out waste or mess. 


Hooked up to existing compressed air 
sources, Farval Spray Valves deliver 
the lubricant to tooth surfaces 
through controlled air delivery. Large 
porting in Farval Dualine valves ensure 
correct lubricant supply with minimum 
pressure-drop and very minimum 
grease separation. 


This simple, inexpensive but thorough 
lubrication system can help you cut 
maintenance costs as it has for hun- 
dreds of others across the nation. See 
what a Farval system can do for you by 
asking for Bulletin 26-S. Write The 
Farval Corporation, 3247 East 80th 
Street, Cleveland 4, Ohio. 
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RVAL— ies in Centralized ricati : 
KEYS TO ADEQUATE LUBRICATION 7” ane " stiles 
Wherever you see the sign of Farval 
—familiar valve manifolds, dual 
lubricant lines and central pumping 
station—you know a machine is EVERY BEARING 

= % EVERV WHERE 
being properly lubricated. 






Affiliate of The Cleveland Worm & Gear Company, 
Industrial Worm Gearing. In Canada: Peacock Brothers Limited. 
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FRICTION AND WEAR, 


LIKE METAL FATIGUE PROBLEMS, DEMAND COMPREHENSIVE 
TESTING TO BREAK DOWN THE APPARENT COMPLEXITY 


Complete isolation of individual effects is necessary 
to determine the influence of each condition on 


boundary lubrication 


Although many complex phases of engineer- 
ing have something in common, there is an uncanny 
parallel in the study of frictional effects and 
fatigue effects in metals. 


The complexity of fatigue of metal problems 
involved such effects as metallurgical composition, 
geometrical shape, size, surface geometry, residual 
stresses, atmospheric environment, metal working 
and assembly-induced stresses. Since little was 
known about the full influence of any of these 
conditions on fatigue, full-scale simulated service 
testing of structures and assemblies allowed only 
composite analyses of these effects. In these com- 
posite analyses, however, large variations existed 
and researchers were unable to pinpoint the par- 
ticular effect which accounted for the variations. 


TESTING IN DETAIL 
PRODUCED RESULTS 


With the advent of World War Il, aircraft 
and military developments forced a more systema- 
tic approach to the problem of metal fatigue. A 
large number of small and relatively inexpensive 
testing machines were installed to investigate 
individual effects which were known or presumed 
to make up the complexity. This approach pro- 
duced results. 


Concentrating on metallurgical composition 
brought about a knowledge of the decrementary 
effect of inclusions near the surface. Tests concen- 
trating on geometrical shape disclosed reductions 
of fatigue strength due to abrupt changes of speci- 
men contour. Surface geometry tests showed the 
strength-reducing effects of sharp notches. Tests 
for residual stresses revealed the beneficial effects 
of surface compression stresses and the detrimental 
effects of surface tension stresses. Atmospheric 
environment tests showed the strength-reducing 
effects of even minor surface corrosion. 


Full-scale testing could never have isolated 
these effects. It wasn’t until millions of hours of 
testing were conducted on small machines that 
many of the complex phases of fatigue life were 
cleared up. This made full-scale testing productive 
and economical. 


SAME APPROACH NEEDED FOR 
FRICTION AND WEAR EFFECTS 


The complexity of boundary lubrication rivals 
the complexity of metal fatigue. It needs, and will 
receive, increasing attention! Millions of hours of 
testing must go into the effort to isolate and de- 
termine the significance of a multitude of damag- 
ing or beneficial effects. 
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THE BETTER THE TESTING EQUIPMENT... 
THE LOWER THE COST OF PRODUCTIVE RESEARCH 





Singly and in combination, these variables 
include: the geometry of friction surfaces; the vast 
number of bearing material combinations; ma- 
terial strength and hardness; favorable or unfav- 
orable formation of surface deposits; surface 
oxidation; the influence of frictional heat on the 
bearing metals and the lubricant; bearing pres- 
sures; sliding velocity; and so on. 


BASIC PROGRAM ALREADY BEGUN 


Because of commercial unavailability, we 
have found it necessary to develop our own re- 
search tools for studies in detail. For low velocity 
EP work, our LFW-1 testing machine, illustrated 





above, is exceptionally accurate and flexible. We 
have 16 of these machines operating on a 24- 
hour-a-day basis, and 42,000 testing hours to date 
on these machines have resulted in the develop- 
ment of several new lubricant compositions with 
exceptional characteristics. LFW-1 machines can 
now be purchased from The Alpha-Molykote 
Corporation. 








SEND FOR FREE LITERATURE 


Our Bulletin #106 describes in detail the 
Alpha Model LFW-1 Lubrication-Friction-Wear 
Testing Machine. If you have not already re- 
ceived a copy, we will send one to you by return 
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Institute Plans 
Info Program 


A call for more and better information 
on design and use of cast bronze sleeve 
bearings was issued by George Robinson 
of The Franklin Institute. Speaking at 
the first annual meeting of the Cast 
Bronze Bearing Institute, Robinson 
stated that engineers are often prone to 
accept the most readily available infor- 
mation on bearing design. He urged the 
Bearing Institute to make adequate in- 
formation on cast bronze bearings easily 
accessable to engineers. 

Organized early this year as an affiliate 
of the Non-Ferrous Founders Society, 
the Cast Bronze Bearing Institute will 
distribute an engineering manual being 
prepared by the Franklin Institute. In 
addition, the new institute will conduct 
an advertising program to publicize en- 
gineering advantages of cast bronze 
sleeve bearings, will hold educational 
courses for engineers in principle cities 
and will provide educational material for 
undergraduate study. 


High Speed 
Seal Material 
Being Developed 


The problem of developing a suitable 
rotating seal material for potential air- 
craft operations at high speeds and high 
temperatures has been partially solved 
after more than a year of research, ac- 
cording to the report submitted by Hori- 
zons Incorporated to Wright Air Devel- 
opment Center, Wright-Patterson Field, 
Dayton, Ohio. 

While additional areas of research are 
suggested, the report hypothesizes that 
wear is influenced drastically by oxida- 
tion occurring on the rubbing surfaces. 
With the proper choice of materials, 
stable, complex oxides are formed which 
provide the correct solid lubricating film 
on each component and markedly lower 
the wear rate as the temperature is in- 
creased. 

All the materials were tested under 
conditions of no external lubrication, 
and the wear behavior of three basic 
types of metals was studied in detail. 
The first series was one of pure refractory 
hard metals. The second set of tests was 
of binary alloys using the refractory 
hard metals bonded with nickel. Ternary 
alloys of pure refractory hard metals 
bonded with nickel and infiltrated with 
silver were run in the third set of tests. 

Of all the materials tested, the finest 
results were obtained in the tests in 
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which Kentanium KI62B was run against 
the same metal at sliding speeds of 14,- 
000 fpm in an ambient temperature of 
1100° F. 

Additions of silver and nickel were 
added to the hard refractory metals to 
determine whether these additives aided 
in the reduction of the wear rate. It was 
found that the nickel acts as a tough 
oxidation-resistant matrix. The silver, 
softening at the high temperatures, acts 
as a lubricant. The combination of the 
nickel and silver additives aids the shear- 
ing action between the mating surfaces 
and lowers the surface friction. 

Superior wear qualities were observed 
in the tests of two ternary alloys which 
were prepared by powder metallurgy 
techniques and consisting of high per- 
centages by weight of a refractory hard 
metal with the nickel and silver addi- 
tions. These alloys were run against tool 
steel and inconel. The tests were con- 
ducted at sliding speeds of 30,000 fpm 
and ambient temperatures up to 1350° F. 
The hard refractory shells which pro- 
vided the best results contained either 
tungsten boride or chromium nitride. 

The tungsten boride alloy exhibited a 
constant wear rate at all temperatures 
against tool steel while the wear rate of 
the chromium nitride decreased at higher 
temperatures. 

Working also with graphite seals, it 
was found that an unimpregnated graph- 
ite seal coated with an oxidation re- 
sistant laver of zirconium carbide showed 
improved wear properties over a regular 
graphite impregnated seal. These tests 
were run against stainless steel type 303 
at sliding speeds of 14,000 fpm and at 
ambient temperatures of 1050° F. 


No Human Help 





Instruments Make 
Complete Tests 


Complete automation in the chemical 
laboratory will be introduced in the 
United States this year. 

It will be made possible by a system 
of instruments that will perform the 
most exacting scientific tests, record their 
findings, and take proper corrective ac- 
tion when necessary, all without human 
help. The system will be offered next fall 
by Chicago Apparatus Company, dis- 
tributor of laboratory equipment. 

Called the Analmatic, the instruments 
are made by Baird & Tatlock Ltd., Great 
Britain, and are extensions of a basic 
system the company designed and built 
for the British Atomic Energy Authority. 
The system reportedly completely frees 
the scientist from routine analytical 
work. 











An Analmatic Auto-titration unit has 
been used by Imperial Chemical Indus- 
tries Ltd., for more than two years to 
test the amount of ethylene glycol which 
is escaping in waste liauids. Since Im- 
perial Chemical installed the first such 
instrument, more than 25 have been put 
into use in manufacturing plants in 
England. 


The Analmatic will be displayed for 
the first time in this country at the Na- 
tional Chemical Exposition by the Chi- 
cago section of ACS Sept. 9-12 in Chi- 
cago’s International Amphitheatre. 

The following operations are per- 
formed by the Analmatic instrument 
system without human help: 


1. Collects a succession of exactly meas- 
ured samples of the material to be 
analyzed. 

2. Mixes the successive samples with 
metered amounts of reagents, as nec- 
essary. For example, analyzing ura- 
nium involves the addition of am- 
monium thiocyanate. 

3. Heats or agitates the solution as re- 
quired. 

4. Performs the necessary test by color 
measurement, by titration to pH, by 
potentiometric or “dead stop” end 
points, by photometric measurement, 
etc. 

5. Records the test results as graph or 
dot diagrams, or in digital form. 

6. Thoroughly washes all the pipettes 
and other vessels used to hold liquids, 
insuring that there is no contamina- 
tion that will affect subsequent tests. 

7. If the analysis shows that the test 
material deviates from a given criti- 
cal value or range, a visual or aural 
alarm is given. If desired, the alarm 
can be replaced by a control system 
that will adjust the production proc- 
ess automatically, compensating for 
the previous error. 
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42”—90 MORGOILS 
installed on 211% and 53” x 54” 
Four High 3 Stand Tandem Cold Mill. 


MORGOILS offer you 
Low Maintenance—Long Life 


It is a proven fact that high quality MORGOIL 
BEARINGS provide top performance and long 
life. The proof lies in the fact that the large 
majority of the 180 world-wide operating com- 
panies utilizing MORGOIL BEARINGS, em- 
ploy them on the back-up rolls of one or more 


of their mill installations. 


MORGA MORGAN CONSTRUCTION CO. 


WORCESTER WORCESTER, MASSACHUSETTS 


ROLLING MILLS ¢ MORGOIL BEARINGS ¢ GAS PRODUCERS 
WIRE MILLS @ EJECTORS ¢ REGENERATIVE FURNACE CONTROLS 
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Morry T. Wakefield has been ap- 
pointed industrial relations director for 
Tube Turns, Louisville, Ky., a division 
of National Cylinder Gas Company, 
Chicago. 

Carl D. Hanson, Houston, Tex., has 
been appointed unions sales representa- 
tive for Clayton Mark & Company in 
the Gulf Coast states. Hanson will repre- 
sent Clayton Mark, Evanston manufac- 
turer of forged steel unions and forged 
steel fittings, in south-eastern Texas, 
Arkansas, Alabama, Louisiana, and Mis- 
Sissippi. 

Hugh M. Bone has been named board 
chairman and treasurer and A. D. Rich- 
ardson, Jr. has succeeded him as presi- 
dent of The Ironsides Company, Colum- 
bus, Ohio, manufacturer of special 
industrial lubricants. John R. McPhee 
moves up to vice president and general 
manager, succeeding Richardson. Other 
officers are John R. Barcley, vice-presi- 
dent; Robert C. Williams, vice president 
in charge of research and development; 
Hugh H. Bone, vice president, produc- 
tion; B. G. Thompson, vice president and 
E. D. Stackhouse, secretary and assistant 


treasurer. 





REINSMA 


STEEN 


Henry W. Zimoski, formerly North 
Hollywood sales representative for Po- 
mona Tile Manufacturing Company, has 
been named head of the company’s di- 
visional office at Memphis, Tenn., ac- 
cording to an announcement by Richard 
L. Scherbacher, Pomona sales director. 
In his new position, Zimoski will be in 
charge of a territory covering south- 
western Tennessee and parts of Miss's- 
sippi and Arkansas. 

Paul W. Steen has been appointed 
manager of distributor sales for the 
Narda Ultrasonics Corporation, Mineola, 
ba a 

J. R. Reinsma, general service man- 
ager of the Alemite and Instrument Di- 
vision of Stewart-Warner Corporation, 
has been named manager of industrial 
sales of Alemite lubrication products. 
W. J. Hawkins, assistant service manager, 
has been appointed to the post vacated 
by Reinsma. 
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ASLE 


ASME 


JOINT LUBRICATION CONFERENCE 


October 13, 14 and 15, 1958 
Hotel Statler, Los Angeles, Calif. 


This conference is being planned and held under the 


joint sponsorship of the American Society of Lubri- 


cation Engineers and the American Society of Me- 


chanical Engineers. Registration fee for members is 


$7.50, for non-members $12.50. 


Monday—October 13 


Session 1—RADIATION RESIST- 
ANT LUBRICANTS 


—Development of Radiation Re- 
sistant Oils 

—The Effects of High Energy 
Ionizing Radiation on Turbine 
Oil Performance Characteristics 

—Visco-elastic Properties of 
Greases 


Session 2—GAS AND LIQUID 
FILM BEARINGS 


—The Influence of the Molecular 
Mean Free Path on the Per- 
formance of Hydrodynamic Gas 
Lubricated Bearing 

—Axial, Relative Motion of a 
Circular Step Bearing 

—The Gas Lubricated Sector 
Thrust Bearing 

—Elastic and Damping Proper- 
ties of Cylindrical Journal 
Bearings 

—Analysis and Characteristics of 
the Three-Lobe Bearing 

—The Effect of Offset Loading in 
Partial Journal Bearings 


Tuesday—October 14 


Session 3—AIRCRAFT AND MIS- 
SILE ACCESSORY LUBRICA- 
TION 


—An Accessory Manufacturer’s 
Approach to Bearing and Seal 
Development 

—Development of Seals for Roc- 
ket Engine Turbopumps 

—Mechanism of Gear Lubrica- 
tion 

—A Study of Design Criteria for 
Oscillating Plain Bearings 


Session 4—BASIC STUDIES IN 
FRICTION AND WEAR—AD- 
HESION AND SLIDING 
—Adhesion Between Metals and 
its Effect on Fixed and Sliding 
Contacts 

—An Investigation of Dry Ad- 
hesive Wear (1) 

—Wear and Metal Transfer Be- 
tween Sliding Surfaces (II) 

—Transition Temperatures in 
Sliding Systems 

—Metallic Friction and Wear at 
Elevated Temperatures 


Wednesday—October 15 
Session 5—BASIC STUDIES IN 

FRICTION AND WEAR—SPE- 

CIAL APPLICATIONS 

—Film Formation by an Anti- 
wear Additive in an Automo- 
tive Engine 

—The Conduction of Current in 
Bearings 

—A Surface Effect Associated 
with the Use of Zine Dithio- 
phosphate-Treated Engine Oils 

—Wear and Friction of Filled 
Teflon Compositions in Liquid 
Nitrogen 


Session 6—ROLLING CONTACT 
FATIGUE 
—Operation of Ball Bearings 
Submerged in Liquified Gases 
—Effect of Fiber Orientation, 
Temperature and by Powder 
Lubricants on Rolling Contact 
Fatigue 
—Rolling Contact Fatigue of 
Bearing Materials and Lubri- 
cants Combinations 
—Materials in Rolling Contact 
Bearings for Normal and Ele- 
vated 450 degree Temperatures 
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ATLANTIC LUBRICANTS 


for every wheel that 
turns in industry 


Wasting time and profits searching for the right gear oil 
for your machinery? Atlantic has the key to your problem, 
because our long experience has made us familiar with your 
lubricating needs. We've developed the products that can 
do any lubricating job to perfection .. . at low cost... for 
every wheel that turns in industry. 








For further information on Atlantic’s family of quality 
products for industrial lubrication and metal processing, 
write or wire The Atlantic Refining Company at the nearest 
office listed below. 


ATLANTIC 





LUBRICANTS ¢ WAXES 
PROCESS PRODUCTS 





PHILADELPHIA, PA, 


260 South Broad St. READING, PA. 

PROVIDENCE, R. I. First and Penn Aves. 

430 Hospital Trust Building PITTSBURGH, PA. 

CHARLOTTE, N.C. Chamber of Commerce 
Building 


1112 South Boulevard 
In South America 
SYRACUSE, N. Y. Atlantic Refining Company 


Salina and Genesee Sts. of Brazil, Rio de Janeiro 
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SIR WILLIAM SIEMENS brought many inventions to the steel in- 
dustry but none with a greater future than the electric furnace. Knowledge of 
the carbon arc dated back to 1800. Siemens put it to practical use in 1878, 
when he built and operated steel-making furnaces on both the direct and 
indirect arc principles. 

Even then, electric power was too costly, and carbon electrodes of too poor 
quality, for an electric furnace to operate commercially. It was another 11 
years before a successful commercial direct-arc furnace began operating, in 
France. America’s earliest commercial electric furnace (at Holcomb Steel 
Company, Syracuse, New York) produced its first heat April 5, 1905. It was 
of 4-tons capacity. Today there are 200-ton electric furnaces and total domestic 
capacity exceeds 11 million net tons. 





he growth of the steel industry 

has been so fabulous that it con- 
fers ever-increasing greatness on the 
work of its pioneers. What William 
Siemens originated, the industry has 
since developed to an importance 
beyond anything he ever dreamed. 


This is equally true of more recent 
technological discoveries. 

The lubricant Palmoshield, for ex- 
ample, was developed after World 
War II to replace imported palm oil 
for rolling tin plate. It was im- 
mediately recognized as an important 
discovery. But, since then, the im- 
portance of Palmoshield has been 
greatly increased by its successful use 
for the rolling of light and inter- 
mediate gauge sheet, and on long 
terne and coating lines as well. 


Most of the rolling mills of North 
America are today aware that 
Palmoshield does much more than 
protect from dangerous dependence 
on palm oil from overseas. They ap- 
preciate that it eliminates the former 
need for stockpiling and all concern 
with artificially influenced prices and 
supply. They value the fact that 
Palmoshield is produced in the heart 
of the steel country, from available 
domestic materials, and under exact 


chemical control. Fatty acid content 
can be controlled within 12%. 

Moreover, Ironsides engineers can 
and do formulate Palmoshield to suit 
the mill speed, the method of applica- 
tion and the individual preferences 
of each user, and guarantee that the 
compound so developed will not vary 
in uniformity thereafter. 

Ironsides lubrication specialists 
would like to work similarly with you, 
to help achieve objectives of increased 
tonnage, reduced costs, and maxi- 
mum uniformity of mill production. 
A letter or phone call will bring you 
complete information and make avail- 
able the experience of years of suc- 
cessful cooperation with America’s 
major rolling mills. 

Address The Ironsides Company, 
Columbus 16, Ohio. 





SHIELD 


TAILOR-MADE ROLL OILS 
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NEW! Alube oil additive for modern, 


high-power gasoline engines 


Specifically designed for “stop and start” driving! 


As auto makers continually develop more critical, more power- 
ful engines—as “stop and start” motoring becomes more a 
part of everyday driving—good performance from lubricating 
oils becomes an increasing problem. Foreseeing this trend, 
Oronite, with five years of research, thousands of laboratory 
tests, millions of miles of road operation, is proud to announce 
the FIRST lube oil additive designed to meet the more precise 
requirements of modern-day gasoline engines—and the engines 
of the future. 

Revolutionary new Oronite “60” Series additives are ac- 
tually a new approach to compounding motor oils. The modern 
car engine is engineered to pour in fuel at high horsepower 
levels. Fuel is not completely burned at low “stop and go” driv- 
ing temperatures causing gums and sludge to form. Present 




















~ 











_ 





day compounded motor oils do not disperse these harmful for- 
eign deposits as effectively as is now possible. New Oronite 
“60” Series additives incorporate an ashless detergent compon- 
ent that virtually eliminates oil ring clogging, reduces cylinder 
and ring wear to a very minimum. The result is a marked im- 
provement in engine life and service under all types of operat- 
ing conditions. 

Oronite “60” Series additives can provide you an important 
“first” in marketing a superior compounded motor oil for the 
present and future. They can be used in compounding single, 
dual or multi-graded oils of outstanding performance. 

Get the complete story on Oronite “60” Series additives. 
Contact the Oronite office nearest you or write for technical 
bulletin giving complete proof of “60” Series’ capabilities. 





ORONITE CHEMICAL COMPANY 


A SUBSIDIARY OF CALIFORNIA CHEMICAL COMPANY 
EXECUTIVE OFFICES 200 Bush Street, San Francisco 20, California 


® SALES OFFICES « New York, Boston, Wiimington, Chicago, Cincinnati, Cleveland, Houston, 
Tulsa, Los Angeles, San Francisco, Seattle 


EUROPEAN OFFICE « 36, Avenue William-Favre, Geneva, Switzerland 
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Now available... 
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Van de Graaff electron accelerator recently installed at Shell’s Emeryville Research Center 


is one of the most powerful sources of radiation available to industry. 


a radiation-resistant grease for 
commercial nuclear applications 
SHELL APL GREASE 


Nuclear applications bring new com- 
plexities to the field of industrial lubri- 
cation. Not only is the lubricant 
required to withstand unusual service 
with respect to temperature, speed, 
load and oxidation, but it is also ex- 
posed to the damaging effects of neu- 
tron and/or gamma or beta radiation. 


To meet this challenge, Shell Re- 
search has developed a practical 


SHELL OIL COMPANY 


50 WEST SOth STREET, NEW YORK 20, NEW YORK 
100 BUSH STREET, SAN FRANCISCO 6, CALIFORNIA 


radiation-resistant grease for use in 
nuclear reactors and their component 
parts... Shell APL Grease. 

In Shell Laboratories, comprehen- 
sive tests have been conducted with 
the aid of a three-million-volt electron 
accelerator, one of the most powerful 
radiation sources in industry. 

Gamma ray tests have shown that 
APL Grease wili withstand an accu- 
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mulated dosage of 1 x 10° roentgens. 
Another valuable finding reveals that 
APL Grease has superior thermal 
stability ... it lubricates efficiently 
at 300 degrees Fahrenheit. 


APL Grease is further proof of Shell’s 
leadership in lubrication technology — 
and your assurance that Shell Re- 
search is ever vigilant to the pulse of 
industry progress. 











“In 30 months...not 
a single bearing 
lubrication failure 
with lithium-base grease!’ 










Conveyor-stacker handling moist, 
‘sticky material which builds 
up on the rollers. 


lithium-base orease 


does the job... 


and does it better! 


Ore unloading conveyor rollers ' 
handling 200 tons of 
ore per hour. 


Pinion gear transmitting power 
from 600 h.p. motor 
to a bali mill. 









Pan Conveyor handling hot clinker 
(1600°F), roller bearings in 
dusty, moist atmosphere. 






VA ‘ance classifier, part of wet 
grinding system, lower bearing 
submerged in hot sludge. 


’ \ aah aa eadiog | bik sieiry, 
\ agitators driven by Falk 


\._ gear reducing units. 


Here’s a report of our own experience with lithium- 
base grease under extreme industrial service condi- 
tions. Approximately 95% of the grease used in the 
plant of AMericaN LitH1um CuHeEmicaLs, Inc., our 
subsidiary at San Antonio, Texas, is lithium-base, 
one-type grease. In fourteen months operation we 
have not been able to trace a single cause for bearing 
failure to the lubricant used. The on-the-spot photos 


above give graphic evidence of the rugged bearing 
service requirements in this plant where lithium ores 
are processed into high-grade lithium hydroxide, 
itself an important ingredient in lithium-base grease. 
Performance like this is why grease chemists, manu- 
facturers, marketers and users all attest to the superi- 
ority of lithium-base...the one grease in place of 
many for efficient and economical operation. 








American Potash & Chemical Corporation 


3030 West Sixth Street « Los Angeles 54, California 


Want to know more about TRONA 

lithium hydroxide monohydrate ? Send for our 
technical bulletin on this important 

chemical ingredient in lithium-base greases. 


LOS ANGELES * NEW YORK °* SAN FRANCISCO °* ATLANTA * PORTLAND (ore.) 


Export Division: 99 Park Avenue, New York 16, New York 
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Tolerances .0OO2 with 
Cities Service Cutting Oil! 


If you think the days of the precise 
craftsman are a thing of the past, you 
ought to take a tour through Arch 
Gear Works at North Quincy, Massa- 
chusetts. 

There, you’d see some of the nation’s 
foremost specialists in precision gear- 
ing going about their jobs with the 
most painstaking accuracy. 

Such accuracy is absolutely vital at 
Arch Gear Works, because this unusual 
firm produces amazingly intricate mech- 
anisms involving as many as 50 tiny pre- 
cision gears... gears that automatically 
control the speed and torque of sensitive 
electro-mechanical devices. 

In this highly complex, precise op- 
eration, Cities Service is the choice of 


cutting oils for a very simple reason: 
Cities Service Cutting Oils deliver 
.0002 tolerances and the finest possi- 
ble finish. Few oils can match this per- 
formance. 

With equally outstanding results, 
Arch Gear Works uses Cities Service 
Anti-Corrode to protect its gears 
during shipment, and Cities Service 
Pacemaker Oils for general lubrication 
and hydraulic machinery. 

But you needn’t operate a gear 
works to prove that Cities Service lu- 
bricants are geared to your operation. 
Simply talk with a Cities Service Lu- 
brication Engineer. Or write: Cities 
Service Oil Company, Sixty Wall 
Tower, New York 5, N.Y. 


CITIES @ SERVICE 


QUALITY PETROLEUM PRODUCTS 
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Specialist Assembles Tiny Gear. 
Some mechanisms contain as 
many as 50 tiny precision gears— 
all produced with the aid of Cities 
Service Cutting Oils—and pro- 
tected during shipment by Cities 
Service Anti-Corrode. 
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YOUR LUBRICATION 


PROBLEM 


IS OUR BUSINESS 


Call in one of our 
specialists! 


Contact the nearest member or 


representative of the 
Far-Best Group 
when you need: 


Cutting Oils 
Tapping Compounds 
Drawing Compounds 
Rolling Oils 

Metal Cleaners 
Sulfonated Oils 

Heat Treating Compounds 
Grinding Coolants 
Rust Preventatives 
Lubricant Greases 
Lubricant Additives 
Motor Oils 
Specialized Lubricants 
Lanolin 

Industrial Soaps 
Laundry Products 


Ifurized Oils 


The Far-Best Corporate 
Group includes: 


e Allube Corp., 928 Allen Avenue 
Glendale, Calif. 
Chapman 5-1158 


years manufacturing experience 


e Far-Best Corp., 6715 McKinley 
Ave., Los Angeles, Calif. Pleas- 
ant 8-3181 and 2800 Commerce 


Franklin Pk., Ill. 


years manufacturing experience 


L. King & Co., 782 Minne- 


sota Street, San Francisco, Calif. 
Valencia 6-6701 


years manufacturing experience 


e Dacus Oil Corp., 782 Minnesota 


San Francisco, Calif. 


Valencia 4-5185 


years manufacturing experience 


e Sanford Process Corp., 6920 S. 
Central Ave., Los Angeles, Calif. 
Ludlow 3-4856 


years development and production 


experience 


A total of 120 years’ industrial 
experience in solving produc- 


and maintenance prob- 


REPRESENTATIVES 


Peacock Supply Co., 
Salt Lake City, Utah 


Pacific Machinery & Tool Steel, 


Portland, Oregon 
Carl F. Miller Co., 
Seattle, Washington 


Far-Best, Inc., 
Aiken, South Carolina 
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NEW SILICONE COMPOUNDS 


Three new silicone rubber compounds 
designed for fabrication of O-rings, gas- 
kets and other seals have been added to 
the standard product line of the Silicone 
Products Department of the General 
Electric Company. Designated SE-362, 
SE-372, and SE-382, these compounds 
readily meet or surpass the requirements 
of AMS 3303C, 3304B, and 3305C respec- 
tively. Featuring tensile strengths of 
1000 to 1200 psi and compression sets 
ranging from 17 to 19 per cent after 
standard cures, these new compounds 
reportedly offer better physical proper- 
ties than earlier Class 300 compounds. 
Improved tear strengths are another fea- 
ture, ranging from 65 to 75 pounds per 
inch after an oven cure of four hours at 
480 degrees. Linear shrinkage during cure 
is less than 2 per cent permitting use of 
these new compounds in most molds de- 
signed for production of organic rubber 
parts. Because of their low compression 
set and good oil resistance, SE-362, SE- 
372, and SE-382 are especially suited for 
O-rings and other seals used in contact 
with petroleum oils and most hydraulic 
fluids. Astm requirements also met by 
these compounds are those of TA604 for 
SE-362, TA704 for SE-372, and TA805 
for SE-382. 


SOLID FILM LUBRICANT 


A resin bonded solid films lubricant, 
called Surf-Kote H-108, is now available 
from the Hohman Plating & Manufac- 
turing Co. H-108 contains a molydenum 
disulfide compound that is bonded di- 
rectly to metal surfaces by a resinous 
material, forming a solid, dry film of 
lubrication. This film prevents contact 
between metal surfaces providing a low 
coefficient of friction which eliminates 
galling, seizing, cold welding and fretting 
corrosion. The lubricant remains un- 
effected by humidity or unusual atmos- 
pheres, and is impervious to oils, greases, 
solvents, acids and alkalis. For further 
information on H-108 solid film lubrica- 
tion, write direct to Sales Promotion 
Dept., Hohman Plating & Manufac- 
turing Co., 814 Vermont Ave., Dayton, 
Ohio. 


NYLON AIR HOSE 
HAS RECOIL ACTION 


A new lightweight nylon air hose for 
use with pneumatic tools incorporates 
snap-back action to keep it out of the 
way of work. Said to be tough, heat 
resistant and unaffected by oil, kerosene 
and gasoline, it is recommended as a 
general purpose air hose for industrial 
plants, machine shops and gas station 
lubrication rooms. Called Nycoil hose, 


its long-life characteristics result from 
the Plaskon nylon of which it is extruded. 
The new hose will withstand high opera- 
tion pressures as well or better than 
rubber hose; its abrasion and chemical 
resistance are superior and its smooth 
inside surface insures less resistance to 
air flow. The coiled form in combination 
with a portable attachment provides un- 
limited flexibility and mobility of posi- 
tion. It is ideally suited, according to the 
manufacturer, for use with portable 
pneumatic equipment—air tools, air sta- 
ple guns and spray guns—and is espe- 
cially advantageous when incorporated 
in an overhead installation. The hose if 
offered in 3/16-in. ID and 1/4-in. ID 
sizes, in a standard 25-ft. length, with 
flare fittings one each end. If shorter 
lengths are desired, the hose may be 
easily cut and flared with a standard 
copper flaring tool. A product of Nycoil 
Co., Westfield, N. J., the hose is avail- 
able through air tool distributors. 


MAINTENANCE GEAR DRIVE 


A low maintenance gear drive with a 
silent operation is intended for use on 
300 gallon through 4,000 gallon agitated 





XG 


Si 
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vessels. While its chief feature is its free- 
dom from the involved and costly main- 
tenance requirements of previous agi- 
tator drives, the new unit, designated 
the B H Drive, offers many additional 
design advances. Additional design and 
application information can be obtained 
by writing for bulletin #972 to the 
Pfaudler Co., 1065 West Ave., New 
York. 
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Number 3 of a series 


One of the 0 essentials for grease 
manufacturers is EFFICIENCY. . . 


BARAGEL' provides 


EFFICIENCY 


340 








BARAGEL provides 
EFFICIENCY because 


it gives more grease per 


pound of thickener. 300 


BARAGEL is 
considerably more 
EFFICIENT than 
Bentone 34. In many oils, 
15% to 20% less 
BARAGEL is required 
to prepare a grease of 

a given consistency. 


260 


A S T M WORKED PENETRATION 





180 





PER CENT THICKENER 
wm BARAGEL wee BENTONE 34 


BAROID CHEMICALS, INC. 


A SUBSIDIARY OF NATIONAL LEAD COMPANY 
1809 SOUTH COAST LIFE BLDG. HOUSTON 2, TEXAS 


*Trademark of National Lead Co. 
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“LOWERS COST OF 
THETIC LUBRICANTS 





Emolein 2910 Lubricant Ester, formerly designated Emery 3033-S, is the 
answer to lower-cost synthetic fluids and greases required by the jet age. In 
synthetic fluids, total cost can be reduced substantially by blending Emolein 
2910 with an azelate diester without sacrificing performance. In greases, 
Emolein 2910 can be used alone or by blending with other fluids. 


Emolein 2910 dipropylene glycol dipelargonate is a new type of diester based 
on inexpensive pelargonic acid. With performance testing having confirmed 
its utility, it joins the established members of the Emolein line of diesters, 
Emolein 2957 di-iso-octyl azelate and Emolein 2958 di-octyl azelate, whose 
performance under the conditions encountered in modern jet engines has 
given them a recognized position in the synthetic lubricant field. 






















One more important fact: The Emolein esters are not dependent upon im- 
ported raw materials. Since they are derived from abundant domestic tallow 
their future supply is practically unlimited. For more detailed information on 
Emolein 2910 or the Emolein azelates, return the coupon below. 


ORGANIC CHEMICAL 
SALES DEPARTMENT 


Emery Industries, Inc., Carew Tower, Cincinnati 2, Ohio 
West Coast: Vopcolene Division, 5568 E. 61st St., Los Angeles 22, Calif. 
In Canada: Emery Industries (Canada) Ltd., 639 Nelson Street, London, Ont. 
Export Department: Carew Tower, Cincinnati 2, Ohio 


Emery Industries, Inc., Dept. Y.8 
Carew Tower, Cincinnati 2, Ohio 
Please send bulletins: 
(J No. 411 (Emolein 2910 Pelargonate) 
(CJ No. 409A (Emolein Azelates) 














Name. Title_ 
Company 

Address. 

City State 
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Lube Lines 


Machinery Overhaul 


Industrial or power plant machinery overhaul 
has a relation to lubrication because the wear element 
is involved. Management is interested because over- 
haul necessitates that production schedules must be 
disrupted when machinery is out of service for this 
purpose. 


Why It Is Necessary 
Several conditions of service impose this require- 
ment, 1.e. 


1. Wear of bearings, gears, ete. 

2. The need for cleaning. 

3. Change in metal structure due to stresses 
and strains which may reduce load- 
carrying ability. 

Wear is generally contingent upon 

1. Cleanliness of the lubricant. 

2. Load-carrying ability, and 

3. Extent of overload. 


Lubricant contamination can be developed by 
the machine itself through minute metallic wear parti- 
cles, or by contributing operating factors such as 
moisture, dust, dirt, chemical fumes or, in engines, 
from fuel combustion soot. 

When we are dealing with a considerable volume 
of lubricant as in an oil circulating system or central- 
ized pressure greasing system, the built-in provisions 
for filtering or straining out of extraneous foreign mat- 
ter promote greater cleanliness of the lubricant. Bear- 
ing, cylinder wall and gear tooth surfaces are thus 
protected from service wear. 

Unit or built-in lubricating systems such as are 
used in certain electric or gear motor bearings or in 
small gear sets require careful attention to housing 
seals and breathing facilities which may permit entry 
of dust, moisture or acid fumes. 

Overload and the load-carrying ability of bear- 
ings, gear teeth and their respective lubricants must 
be considered together. There will be less chance for 
premature wear due to failure of the lubricating film 
when there has been complete cooperation between the 
designer, the lubrication engineer and plant manage- 
ment members responsible for lubricant selection. 
They must seriously consider the possibility of film 
failure because it can become so costly, viz. in gear 
teeth where cracks and pits have started, to enable oil 
to be trapped and subject to hydrostatic pressure un- 





* Consultant, and author of Basic Lubrication Practice. 
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der load. Research has indicated that progressive ex- 
trusion of these cracks and pits can result, ultimately 
ruining the meshing relation of the gears and requiring 
replacement. 

The need for cleaning will depend upon the serv- 
ice conditions. Some phases of production and assem- 
bly will be cleaner than others. In steel rolling, metal 
working and the cement mill, for example, the chances 
of keeping machinery relatively clean will be less than 
in the production of electrical or refrigerating ma- 
chinery. Some industries have to resort to drastic 
methods to maintain acceptable cleanliness, viz. in 
meat packing where certain machines have to be 
hosed down regularly with hot water. 

The procedure obviously must be planned accord- 
ing to the product, the plant conditions and the ques- 
tion of how well the equipment is housed and sealed. 

Change in metal structure can develop either with 
bearings or gears according to the service conditions. 
With non-ferrous bearing metals, the change can in- 
volve chemical reaction in the form of corrosion, as 
with copper-lead or other lead base alloys when the 
oil is of such a nature as to preferentially attack the 
lead. This is why modern heavy duty motor oils con- 
tain special inhibiting additives to protect the bear- 
ings. 

Change in gear tooth structure can also be brought 
about by corrosive wear which results from chemical 
reaction with the metallic surfaces. Often this effect 
can be accelerated by moisture accumulation in gear 
housings or oil reservoirs. 

In turn, load and shock can cause physical change 
in metal structure which reduces the strength of the 
metal. This can be particularly serious where steel-to- 
steel is involved as with gear teeth. Unexpected shock 
load can cause fatigue breakage which is of a progres- 
sive nature, normally starting as a slight crack. 


How Often To Overhaul 


This will depend upon 
1.—Severity of operating conditions. 
2.—Service cleanliness. 
3.—Effectiveness of lubrication. 

Some industrial operations are inherently more 
clean than others, being freer from foreign materials 
which could contaminate lubricants and promote wear. 
Mining, metal working, construction and cement are 
typical of service where the air may have a high dust 
content and where other solid abrasives can accumu- 
late. Here, relatively frequent cleaning will postpone 

(Cont. on p. 359) 
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The oils collecting in these graduates are being forced, at 100 psi, through two 
sintered bronze bearings. Although each oil has the same viscosity, the Suntac 
on the left is leaking only one quarter as much as the straight oil on the right. 


Desk-top demonstration proves that 
SUNTAC HYDRAULIC OILS 
can cut your oil losses...up to 75% 


Suntac® oils are competitive in price, competi- 
tive in quality, and unique in their ability to 
reduce oil leakage without costly shutdowns. 


Suntac oils are high-quality, exceptionally 
stable mineral oils especially compounded to 
reduce leakage. Experience proves that they 
give longer pump and seal life with higher over- 
all operating efficiency. 


See for yourself how a Suntac oil can cut your 
oil costs. A simple desk-top demonstration will 
show you how. 
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Ask your Sun man to show you how others 
have reduced oil consumption, or write to 
Dept. LE-6. 

Industrial Products Department 
SUN OIL COMPANY, Phila. 3, Pa. 





© 1958 SUN OIL COMPANY 


In Canada: Sun Oil Company Limited, Toronto and Montreal 


Augus!, 1958, LUBRICATION ENGINEERING 

















LUBRICATION 
ENGINEERING 


DESIGN RESEARCH 


APPLICATION 


EDUCATION MAINTENANCE 





Journal of the American Society of Lubrication Engineers 





Exhibit Offers Sales Opportunities 


Americans will be able to BUY their way out of the 
recession when advertising and sales executives SELL 
themselves back to normal prosperity. One avenue of 
such salesmanship will be found in the exhibit areas 
of our 1959 Annual Meeting. There, in Buffalo’s Hotel 
Statler on April 21, 22 and 23, sellers of products that 
will help assure industry more continuous operation 
with reduced maintenance costs will have a chance to 
display these products to their pinpointed market. 

Many manufacturers who should be exhibiting at 
this meeting will not be doing so. Due to the relative 
newness of our Society, these producers are unfamiliar 
with the benefits that will accrue to them when some 
2,000 leaders in the specialized field of lubrication 
have an opportunity to view their products and serv- 
ices. These producers do not know that each one of 
the men present is in a position to purchase the 
products that will service billions of dollars worth of 
industrial equipment. They are unaware of the fact 
that one inquiry from a member of this highly special- 
ized market is worth hundreds of inquiries from a more 
generalized audience. 

The National Exhibit Committee and its chairman, 
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Robert J. Torrens, are doing yeoman duty in acquaint- 
ing producers with this time-tested sales opportunity. 
But these men cannot, of course, be expected to ac- 
complish what several thousand can. The company for 
which you work may be one that will profit greatly 
from exhibiting its products at the 1959 Annual Meet- 
ing. And each Lubrication Engineering subscriber and 

or member is in a position to give his company’s ad- 
vertising manager or sales manager the kind of infor- 
mation about the lubrication engineer and his fune- 
tions that will illustrate how useful an exhibit space 
will be to his company. 

In order to assist in disseminating this information, 
the National Office has prepared a brochure giving 
general information to those interested in exhibiting 
at the 1959 Meeting. This brochure will be mailed 
free of charge on request (see coupon on page 359.). 

The 1959 Annual Meeting promises to attract an 
unprecedented number of men in the position to pur- 
chase an unprecedented number of products. And an 
exhibit at this meeting can produce many dollars 
worth of sales and an immeasurable amount of good- 
will. 

J. D. Lykins, President 
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Lubrication of Outboard Motors 


INTRODUCTION 


A better understanding of the problems faced by 
outboard motor builders is necessary in order to enable 
the petroleum industry to provide better products 
specifically designed for this rapidly increasing mar- 
ket. This article contains no material of a detail tech- 
nical nature. It does, however, present problems that 
have plagued outboard engine builders for many years. 
Engine builders have gone far to solve some of these 
problems, but it is apparent they must seek the co- 
operation of the petroleum industry. 

By bringing forth the engine builders’ point of 
view on some of these problems, it is hoped that the 
petroleum industry will recognize the need of research 
and development work in an area that is beyond the 
scope of normal engine development. Any major im- 
provements in the lubricant must be in general use 
and widely distributed before the engine designer can 
make use of them in his designs. 

This article will deal solely with engine lubrica- 
tion which is accomplished by mixing the lubricant in 
the fuel. 


GROWTH OF THE INDUSTRY 


It might be well to point out here the growth of 
the outboard motor industry in the last seven years. 
Between 1951 and 1957, annual unit sales of outboard 
motors jumped over 100%, according to figures of the 
Outboard Motor Manufacturers Association. The in- 
crease in horsepower is even more spectacular. In 1951 
the average horsepower per unit was 8.9. This in- 
creased to 16.3 horsepower per unit average in 1957. It 
is expected that this upward trend will continue. 

A sales department estimate indicates that ap- 
proximately 65 per cent of 1958-1959 production will 
consist of motors 18 horsepower or larger. The trend 
toward larger motors has been increasing rapidly in 
recent years. It is felt that this trend not only will 
continue, but more likely than not, will increase. This 
can only mean that sales of gas and oil to outboard 
motor owners will increase substantially. 

As of December 1957, it was estimated there were 
5,908,000 power boats of all descriptions in use. Of this 


* Outboard Marine Corporation, Waukegan, Illinois 
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quantity 5,190,000 were powered by outboard motors. 
This means that of all power boats in the United 
States, 87.85 per cent are powered with outboard 
motors. 

To bring this closer to the petroleum industry, 
these figures have been reduced to gasoline consumed. 
It has been estimated that total gasoline used annually 
in all types of power boats approximates 375,000,000 
gallons. Of this amount, 259,000,000 gallons are con- 
sumed in outboard powered boats. Assuming a normal 
ratio of gasoline to oil, it is estimated that outboard 
motors consumed approximately 13,000,000 gallons of 
lubricating oil in 1957. 

With the steadily increasing demand for outboard 
motors, and the steadily increasing horsepower per 
motor, it can be readily seen that the demand for 
petroleum products will be increased substantially. 
Thus, here is a market offering excellent potential for 
increasing sales of petroleum products. 


DEFINITION OF AN OUTBOARD MOTOR 


The present-day outboard motor used on the 
American scene scarcely needs definition. There have 
been, and still are, outboard motors on the market 
that do not fit the accepted and usual pattern, how- 
ever only that type of engine in most common use will 
be discussed here. 

An outboard motor is technically known as a two 
stroke cycle engine, usually called two-cycle, which 
scavenges the cylinder by using the crankease as the 
scavenging pump. It uses gasoline as fuel, and is lubri- 
cated by mixing oil in the gasoline. The carburetor is 
separated from the crankcase by valves. In the mod- 
ern engine, these valves usually consist of commonly 
known leaf valves or reed valves. The charge to and 
from the combustion chamber is controlled through 
ports in the cylinder wall. Exhaust gases are conducted 
through suitable passages and discharged below water 
level. Cooling is accomplished by circulating water 
through cylinder jackets. This water is pumped from 
that in which the boat is operating. 


USES OTHER THAN OUTBOARD MOTORS 


While this article deals primarily with lubrica- 
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tion of outboard motors, it should be kept in mind that 
there are many other products using two-cycle engines 
having similar requirements for lubrication. 

There are presently on the market many air- 
cooled engines using the two-cycle principle for chain 
saws, power lawn-mowers, generators, scooters, wash- 
ing machines, and many other applications. Any lubri- 
‘ating development for outboard motors should in- 
clude these applications in the study. 


THEORY OF LUBRICATION OF 
TWO-CYCLE ENGINES 


The fuel and oil used in two-cycle engines must 
be considered as a blend. It is not possible to consider 
the effects of one without considering effects of the 
other. 

If a test is made on laboratory apparatus designed 
to show film strength, it will be found that the film 
strength of the gasoline and oil mixture is no different 
than that of gasoline without oil. This might be taken 
to indicate that gasoline without oil would operate 
satisfactorily in an engine. Since this is not the case, it 
is evident that the test either does not properly repro- 
duce operating conditions or has not been interpreted 
correctly. It is felt that some process must be taking 
place inside the engine which distills out part of the 
gasoline leaving a residue of oil mixed with much less 
gasoline. 

Some gasoline leaves the mixture due to vaporiza- 
tion at the carburetor and intake manifold. Since gaso- 
lines have a distillation curve variable with tem- 
perature, it must be assumed that the percentage of 
distillation of the fuel will vary directly with the tem- 
perature of the mating surfaces that form the bearing. 
As two bearing surfaces come together, the friction 
resulting from metal to metal contact develops heat 
causing a temperature rise. This temperature rise will 
distill the gasoline until a point is reached where the 
concentration of the lubricating oil in the mixture is 
high enough to provide a film with sufficient strength 
to separate the mating metal parts. If the lubricant 
which has been added to the gasoline lacks sufficient 
film strength at that temperature, seizure of the metal 
parts will result. 

It would, therefore, seem important that the oil 
used in this type of lubrication system have sufficient 
hot film strength to allow distillation of gasoline to 
take place at a sufficiently elevated temperature to 
increase the proportions of oil to gasoline to form ade- 
quate lubrication. 

It is obvious that this is a paradox. The tempera- 
ture increase is necessary for distillation of the gaso- 
line, while on the other hand, an increase in tempera- 
ture will reduce film strength of the remaining oil. 


WHY AN OUTBOARD MOTOR OIL? 


In early days of the outboard motor industry, the 
entire source of lubricating oil for outboard motors 
was obtained from products developed for the auto- 


Journal of the American Society of Lubrication Engineers 


i 


motive industry. At that time, lubricating oils were of 
the straight mineral type, without additives or de- 
tergents. During the evolution of additives, some of 
them had a detrimental effect on spark plug life in the 
two-cycle engine. As a result of this early experience, 
some erroneous attitudes grew up regarding the effects 
of detergents. There was a period when all outboard 
motor manufacturers specifically recommended against 
use of detergent oils. This attitude brought about the 
necessity of packaging a straight mineral oil which 
was labeled “Outboard Motor Lubricant.” 

Both detergent and non-detergent outboard oils 
are now on the market. Both types have their ad- 
vantages and both can serve the industry if properly 
developed. 

Now that “Outboard Motor Oils” have become 
established and are generally available, it is hoped 
that standard specifications can be established, based 
on performance of the lubricant in laboratory and in 
engine tests. 


OILS AVAILABLE 


Field complaints indicate that there is wide varia- 
tion in the quality of oils available today. In a recent 
survey of one of the major outboard motor sales or- 
ganizations, it was found that out of 638 dealers an- 
swering a questionnaire, there were 61 different brands 
of oil in use. With this large number of different 
brands, it is obvious that the engine manufacturer is 
in a poor position to test or pass comment on each 
individual brand. 

It appears as though many of the outboard motor 
oils have had little or no actual development testing. 
Testing standards or specifications would do much to 
reduce or eliminate this undesirable situation. 


REQUIREMENTS OF AN OUTBOARD 
MOTOR OIL 


Following is an outline of the main properties 
that should be included in a good outboard motor oil. 
While these are not necessarily in the order of impor- 
tance, they do represent major considerations in the 
development of a satisfactory lubricant: 


1. Mixine Asinity. The oil must mix readily in the 
fuel at all temperatures down to —10° F. It may seem 
rather unusual to have a —10° F temperature require- 
ment. In developing an outboard motor lubricant, 
however, it must be considered in the wide range of 
field operation. It is necessary to keep in mind the 
hunter, the trapper, the commercial fisherman, and 
others who will use the waterways as long as they are 
free of ice. Admittedly, these users are relatively few 
in number, but it would not be fair to leave them out 
of our consideration. This would be depriving them 
of the use of a necessary product as a part of their 
sport or their business. 

Applications such as chain saws operate more at 
low temperatures than at normal temperatures. A good 
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lubricant is most important in these light weight, high 
speed engines. 

There are outboard oils on the market at the pres- 

ent time that at 0° F are practically solid in the con- 
tainer and it is difficult, if not impossible, to mix satis- 
factorily in gasoline. 
2. Luprication. The oil must lubricate in all normal 
ambient temperatures from —10° F upward. There 
are special applications where two-cycle engines have 
been used for military purposes where —65° F was a 
requirement, but these are the exception. The oil 
should have a high temperature film strength so as to 
prevent scuffing on heated bearing surfaces. These 
heated bearing surfaces may be in the connecting rod 
bearings, the main crankshaft bearings, or piston. All 
of these surfaces at one time or another may develop 
instantaneous high temperatures. If the oil lacks suffi- 
cient film strength at these temperatures, the result 
will be seizure and failure of the parts. 

Over-cooling of the engine is also one of the 
major problems of lubrication. When operating in ex- 
tremely cold water, such as exists in the Pacific North- 
west, the engine will over-cool at low speeds, thereby 
forming moisture on cylinder walls. In this particular 
part of the country one of the great uses of outboard 
motors is for salmon fishing. In the process of fishing 
for salmon, the engine is idled for extended periods at 
minimum trolling speed. When operating at low speed, 
moisture that forms on the cylinder walls will displace 
the lubricant, as well as combine with some of the 
acids in the products of combustion. The resulting acid 
action will corrode the cylinder. 

In addition to this problem, the low temperature 
of the mating surfaces does not distill off the gasoline, 
with the result that the mixture of gasoline and oil 
does not have sufficient film strength to separate the 
mating parts. 

It is not known which of these two factors are the 
most important in cylinder wear. 

In order to improve this situation, the outboard 
industry has recently initiated the use of thermostatic 
temperature control in the water jacket. It is expected 
this will go a long way toward rectifying the situation, 
since all tests conducted up to this point have indi- 
cated a substantial improvement. 

3. PISTON AND RING DEPOSITS. When operating at full 
speed, the modern two-cycle outboard engine operates 
with a comparatively high piston temperature. It has 
been measured at approximately 350° F in the ring 
belt area. This temperature causes deposits in the ring 
groove and on the piston. An improved lubricant 
should aim towards reducing these deposits, keeping 
the rings free. 

4. COMBUSTION CHAMBER DEPOSITS. Both the gasoline 
and the oil are responsible for the nature of deposits 
on the piston and in the combustion chamber. It is 
desirable to have these deposits break off in as nearly 
a powdered form as possible. As a powder they are 
much more easily scavenged through the exhaust sys- 
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tem. If the deposits break off in larger parts, they 
tend to remain longer within the combustion chamber 
and may eventually deposit on the spark plug. 

5. SPARK PLUG DEPOSITS. Probably the most discussed 
and the most damaging of all detrimental effects of 
lubricants and fuel on the two-cycle engine is spark 
plug deposit. In the early days of outboard motor de- 
velopment, the wet, fouled spark plug was the most 
frequent occurrence. In the modern-day outboard 
motor, the deposits are dry and usually in the form of 
clinkers and flakes from the combustion chamber. De- 
posits collecting on the spark plugs have two effects. 
The most obvious is failure of the ignition. It is the 
most easily detected and does the least harm. While 
it may be annoying to the operator, it is not damaging 
to the engine. 

The second and most critical effect of spark plug 
deposit is that which causes engine pre-ignition and 
deserves the greatest amount of study. It has been 
proven conclusively that certain types of deposits col- 
lecting on the spark plug can cause a wild, uncon- 
trolled pre-ignition, resulting in substantial tempera- 
ture rises and pressure rise within the cylinder. 
Temperature rise resulting from pre-ignition causes 
the piston to scuff, score, or burn. 

In engines having a cylinder bore of less than 214 
inches, this effect does not seem to be as serious. Pre- 
ignition can go on for an extended period of time and 
the heat dissipation will seem to be adequate to keep 
piston temperature under control. In the larger bore 
engines, however, the problem mounts and it is only 
with considerable research and development that en- 
gine builders have been successful in making satisfac- 
tory power plants. It is in this area that perhaps the 
greatest improvements can be made in a lubricant, 
even though fuel may be the principal cause of 
trouble. 

6. EXHAUST PORT BLOCKING. Port blocking varies con- 
siderably with engine size and temperature. Lubricant 
additives may be considered to reduce effects of a 
“dirty” fuel. 

7. Corrosion. As shown earlier, gasoline and oil mix- 
ture is drawn through the carburetor into the crank- 
case and by-passed through the cylinder wall into the 
combustion chamber. When the engine is shut down 
for extended periods, the only protection internal parts 
have against corrosion is the residue left on the parts 
from the charge the last time the engine was operating. 
This residue must have sufficient anti-corrosion charac- 
teristics to prevent rusting of steel parts or corrosion 
of the non-ferrous parts until the engine is back in 
operation. On occasions, this idle period can be exten- 
sive. The very nature of the product, particularly in 
northern latitudes, requires that it have an extended 
lay-up period under drastically changing atmospheric 
conditions. It has been observed, in the servicing of 
motors, that anti-friction bearings will collect beads 
of water frequently and will have lines of rust in those 
areas where roller adjoins the races. (Cont. on p. 359) 


Augusi, 1958, LUBRICATION ENGINEERING 














Analysis of Films Formed 


by Radioactive E-P Additives 


Relatively little use has been made of radioactive tracers in 
oil additives for the study of extreme pressure lubrication. 
This review of the literature is concerned with the analysis 
of films containing radioactive carbon-14 (in carboxyl group), 
radioactive phosphorus-32 and radioactive sulfur-35, which 
are formed from reactive oil additives on metal surfaces. The 
purpose of this review was to establish general principles of 
the mode of action of chemically reactive additives. The ma- 
jority of the work reported dealt with static immersion of 
metal specimens in the radioactive oil; a few reports were 
concerned with film formation under dynamic test conditions. 
Activity of the additive appeared to be a function of concen- 
tration, temperature, pressure, nature of the wear surface and 
presence of other reactive oil additives. Determinations of 
radioactivity on the metal surface were generally made by 
means of Geiger-Muller counters and autoradiographs. The 
latter technique was particularly useful in dynamic tests to 
show the effect of pressure distribution on the wear surfaces. 


INTRODUCTION 


The principal use of radioactive tracer techniques 
in lubrication studies has been the utilization of radio- 
active metals in the measurement of wear and metal 
transfer. There have been numerous reviews of this 
work, and one reference (1) broadly covers the use of 
radioactive tracers in the petroleum industry. In re- 
cent years, however, the use of the chemical tracers 
has become increasingly important. This procedure 
involves tagging an atom of the lubricant or lubricant 
additive, and determining its concentration in the 
tightly adherent lubricant film formed on a metal sur- 
face. 

The lubricant film may be produced either by 
simple immersion of a metal test strip, or by running 
the part in an engine, gear tester, or other bench tester 
with radioactive oil. The technique is particularly use- 
ful in the study of oil additives which chemically 
react with or are chemisorbed on the metal surface, 
and are not removed by solvent action. 

Thus, it is possible to determine in a very precise 
manner how much of the radioactive element is com- 
bined with the metal in a surface film. In the case of 
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a multiplicity of active elements, the end result of 
competitive reaction can be established by tagging 
each active element successively in the oil additive. 
Most of such studies are, of course, directed toward 
the establishment of the mechanism of some basic 
lubrication phenomena, such as the action of anti- 
corrosive agents or extreme-pressure lubricants. 

Extensive, nonradiochemical investigations have 
made clear some of the more important characteristics 
of lubricant films formed by extreme-pressure addi- 
tives. The films are very firmly bound to the base 
metal—they cannot be removed by any simple tech- 
nique, such as by solvent treatment, mild abrasion, or 
thermal evaporation. The presence of chemical ele- 
ments derived from the E-P additive, such as §, P, 
and C1 in the film can be shown by chemical analysis 
and, frequently, compounds of these elements with 
the metal can be detected by electron diffraction. 

The stable E-P films are high melting and are 
removed by normal wear, but can be reformed as long 
as the supply of the E-P additive in the lubricant lasts 
and favorable reaction conditions are present. Ideally, 
E-P films are anti-welding, reduce scuffing, promote 
run-in, and are anti-wear in the sense that they reduce 
or prevent catastrophic wear. They do not necessarily 
reduce normal wear. It is with the analysis of such 
films that the present study is concerned. 

Relatively little attention has been focused on 
E-P films, per se, from the radiochemical viewpoint, so 
a broader perspective has been taken. It is our purpose 
to attempt to establish some general principles in the 
use of chemical tracers, characteristics of the films 
formed, and conclusions as to the mode of action of 
chemically reactive additives. 





FILMS FORMED FROM FATTY ACIDS 


Although they are not capable of functioning as 
E-P additives, one class of compounds, long chain 
fatty acids, is of particular interest for two reasons: 


343 








1. Fatty acids are capable of reacting with ac- 
tive metals such as iron, copper, lead, and 
zine. 

2. Some very excellent radio tracer work has 
been reported in the literature using these 
compounds. This review of earlier work is 
not exhaustive; only representative papers 
will be discussed. 


The majority of work on fatty acid films is con- 
cerned with formation of the films under static con- 
ditions. Bowden and Moore (2) and Moore (3) re- 
ported experiments made to determine whether or not 
chemical reaction takes place between the adsorbed 
films of long chain alcohols, esters and fatty acids and 
the metal surfaces they lubricate. The additives were 
not tagged, rather, the metals were made radioactive. 

By analyzing the wash solutions, the authors were 
able to determine whether a chemical film was formed 
and whether it could be removed by solvent extraction. 
The metal specimens were immersed in benzene solu- 
tions of stearic acid (1 percent), octadecyl alcohol (2 
percent), or ethyl stearate, for five minutes, with- 
drawn and rinsed. The specimens were extracted with 
benzene in a Soxhlet extractor, and the extracts 
counted with a Geiger-Muller tube. The authors con- 
cluded that only physical adsorption occurs for the 
long-chain compounds on platinum or gold and for oc- 
tadecyl alcohol on cadmium, zine and copper as well. 
Zinc, cadmium and copper reacted chemically with 
the stearic acid solution, and to a lesser extent with 
ethyl stearate. The reaction did not cease with a 
monolayer, but, if sufficient material were present, 
thick films of soap were formed. 

When chemical reaction occurred, the system ex- 
hibited good lubricating properties (low friction) at 
temperatures above the melting point of the fatty 
acid up to the softening point of the soap; if no reac- 
tion occurred, lubrication was limited to temperatures 
below the melting point of the fatty acid. Eisler (4), 
in an evaluation of the adsorption properties of rust 
preventive oils, immersed coupons of SAE 1020 steel 
in neutral oil containing radioactive stearic acid 
(tagged with C-14 in the carboxyl group). The coupons 
were drained, thoroughly cleaned in a vapor degreaser, 
and the surfaces counted with a Geiger-Muller tube. 
The amount of stearic acid adsorbed at room tempera- 
ture increased with immersion time (1 to 20 minutes), 
when coupons were agitated as compared to static 
immersion, and with increased stearic acid content in 
the solution. 

Gemant (5) immersed metal specimens in a hy- 
drocarbon oil containing radioactive tridecanoic acid, 
C-14 in the carboxyl group. At certain intervals, the 
specimens were removed, washed in benzene and their 
activity determined with a thin window G-M tube. 
No deposits were formed on iron, aluminum or silver. 
Copper and zine showed a relatively slow rate of film 
formation; lead was highly active. 
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Two investigators, concerned with the study of 
adsorption and desorption of stearic acid on solid 
surfaces, used the Langmuir-Blodgett technique of 
forming monolayers and multilayers on carefully 
cleaned surfaces. Beischer (6) heated the film to allow 
reaction, cooled and removed unreacted or physically 
absorbed stearic acid by a benzene rinse. The distribu- 
tion of the reaction product on the surface was de- 
termined quantitatively by means of calibrated radio- 
autographs. No chemical reaction occurred between 
platinum, vitreous silica, glass or mica and stearic 
acid in the temperature range between 25 and 100°C. 
Copper, cuprous oxide and cuprous sulfide did react, 
as shown in Figure 1. The reaction with cuprous sulfide 
was practically instantaneous, that with cuprous oxide 
the next most rapid, and that with copper requiring 
approximately two days to form a completed stearate 
film. Beischer termed this technique “radioactive 
staining” and found it particularly useful for deter- 
mining active sites on a solid surface. 

An excellent paper by Young (7) critically re- 
viewed earlier studies of stearic acid films and de- 
scribed his investigations of films of radioactive stearic 
acid and metal stearates on copper, platinum and 
mica. The copper surface was probably oxidized in 
the air to form cuprous oxide. Autoradiographs proved 
the presence of chemisorbed layers on the surfaces; 
electron diffraction was used to indicate the structure 
of the adsorbed films. 

Stability of the films was evaluated by thermal 
desorption and removal by mild abrasion or benzene 
extraction. A summary of some of Young’s results are 
listed in Table 1. 

On unreactive surfaces (platinum or mica) stearic 
acid or metal stearates were adsorbed physically and 
were relatively easily removed. On a reactive surface 
(copper) the stearic acid was converted in situ to 
copper stearate which was more difficult to remove. 
Young explained the greater stablity of his copper 
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Figure 1. Reaction of stearic acid monolayer (C-14) on dif- 
ferent substrates. 


August, 1958, LUBRICATION ENGINEERING 




















TABLE 1. Desorption or LoNG CHAIN OrGanic CoMPOUNDS 
oN Soiip SuRFACES 





ADSORBED MATERIAL 





SURFACE PROPERTY STUDIED STEARIC ACID COPPER STEARATE 





1. Effect of heating 
at 81°C in 
Copper air stream. 
(Surface 2. Mild abrasion 


None removed None removed 
Wone removed None removed 





probably 3. Hot benzene Partially Partially 
Cu:O) removed removed 
4. Electron Weak soap No pattern 
diffraction pattern 
1. Effect of heating 
at 81°C in 
air stream. Partially Partially 
removed removed 


None removed None removed 

Allremoved  Allremoved 

Free acid Soap pattern 
pattern 


Platinum 2. Mild abrasion 
3. Hot benzene 
4. Electron 
diffraction 





1. Effect of heating 
at 81°C in 
air stream. 
Mica 2. Mild abrasion 


All removed 

Partially 
removed 

All removed 


All removed 
Partially 
removed 


3. Hot benzene All removed 





stearate films formed in situ, as compared to the 
stearate films studied by Bowden and Moore (2), as 
due to the formation of a monostearate with one 
valence of the copper combined with the oxide film. 
He postulated the formation of distearates in the 
presence of an excess of stearic acid. The distearates 
could be removed by benzene extraction. 


FILMS CONTAINING RADIOACTIVE 
PHOSPHORUS AND SULFUR 


The work reported in the literature on compounds 
containing radioactive phosphorus and sulfur, although 
not specifically concerned with extreme pressure lubri- 
cation, gives results that are of great significance to an 
understanding of E-P film formation. One of the earliest 
works in this field was that of Clark, Gallo and Lin- 
coln (8) who investigated films formed from an 
oxidation inhibitor, sulfurized olefin derived from pe- 
troleum wax, containing S-35. 

The technique involved immersion of seven differ- 
ent types of commercial metal bearings and glass 
specimens in sulfurized olefin contained in mineral 
oil, and rinsing the specimens with benzene and car- 
bon disulfide following immersion. The amount of 
film formed, determined with a G-M counter, was de- 
pendent on the chemical composition of the surface 
and increased linearly with time for the first 20 hours 
and then leveled off. 

For a typical bearing composition, both the rate 
of film formation and the amount of deposit formed 
at 25°C were considerably less than at 88°C. The 
authors suggest that the adsorbed organic molecules 
may form a loose molecular compound on the metal 
or a polymerized film, sufficiently adherent to resist 
solvent action. 
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Some excellent Russian work was reported by 
Zaslavskii (9,10) who studied the film formation of 
anti-corrosive agents such as “sulfurated oil” additive, 
tagged with S-35, and triphenyl phosphate, tagged 
with P-32. The method of specimen handling differed 
slightly from other immersion procedures in that the 
metal plates (lead, copper, lead bronze and steel) 
were mechanically cycled in and out of the heated oil 
which contained the tagged additive. Runs were made 
in the temperature range, 90 to 220°C. 

Both additives were used in concentrations of 
0.5 percent in mineral oil. After a number of cycles, 
the plates were washed with benzene and the surface 
radioactivity determined with a G-M counter. For 
each temperature, the film formed increased to a value 
characteristic of each metal and then leveled off. 

With triphenyl phosphite additive, increased 
temperature caused a sharp increase in the rate of 
film formation; however, the weight of film formed on 
steel or lead bronze decreased, while that on lead went 
through a maximum at 140°C, as shown in Figure 2. 
Analogous results were obtained with the “sulfurated 
oil.” The authors concluded that the films were formed 
by chemical interaction of sulfur and phosphorous 
with the metal, sulfur reacting most strongly with 
copper and phosphorous most strongly with lead. Sul- 
fur reacted negligibly with steel, and only above 
110°C, whereas phosphorus reacted more intensively 
with steel at lower temperatures. 

Of special interest is the technique used to de- 
termine the depth of penetration of the sulfur from 
the “sulfurated oil” below the surface of lead bronze 
and lead. Microlayers of metal were successively re- 
moved from the plates and radioactivity of these 
underlying surfaces measured, with the results shown 
in Figure 3. Interestingly, the anticorrosive effect of 
the additives for the different metals appeared to be 
in direct proportion to the extent of film formation. 








0.8 t | | | ! 
e 

07 F e Lead + 
§ 064 i 
o 
; 0.5 
wn . e — 
z e 
Q 0.4 e = 
re . 
2 03 “J 
a. 
9 0.2 : Lead Bronze 
| 8 
g 


0.1 








0.0 ! ! l ! | ! 
80 100 120 140 160 180 200 220 


OllL TEMPERATURE, ° C ZASLAVSKIL Rel. 9 


Figure 2. Effect of temperature on film formation (P-32) from 
triphenyl phosphite. 
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Vinogradov et al (11) investigated the action on 
steel and copper of tributy] trithiophosphite, contain- 
ing P-32 or 8-35, tributyl phophate, and elemental sul- 
fur, 8-35. The additives were used in the concentra- 
tion of 0.1 mole per liter in a naphthene-paraffin oil. 
After each step of the immersion test, the samples 
were washed with gasoline and counted. Figure 4 
shows that the amount of phosphorus bound on the 
surface of steel and the rate of reaction both increased 
with temperature (in the range of 20 to 150°C); at 
the lower temperatures, the rate of film formation 
leveled off. Phosphorus was bound much more inten- 
sively than sulfur with steel, and the authors con- 
cluded that the formation of phosphide prevents the 
formation of sulfide film on steel. The binding of 
phosphorus on copper and steel were of approximately 
the same intensity. 

With elevation of temperature, the amount of 
phosphorus or sulfur on the steel surface increased, 
reaching a maximum at 160°C, after which it de- 
clined. The binding of sulfur on copper increased with 
increased temperature to a greater extent than it did 
on steel. At all temperatures, the amount of sulfur on 
copper was greater than the amount of phosphorus, 
and furthermore this amount is much greater (by 
several orders of magnitude) than in the case of steel. 

One of the most important papers reviewed, be- 
sause it involves the study of an E-P additive, di- 
benzyl disulfide, containing S-35, is that of Borsoff 
and Wagner (12). These authors were concerned with 
the investigation of 0.5 percent sulfur in SAE 30 min- 
eral oil in the lubrication of gears. Both static and 
dynamic tests were run, the dynamic in a spur gear 
machine at 3000 rpm. SAE 3312 steel, case hardened 
to 62 R. and 20-microinch finish, was used. The densi- 
ties of a series of autoradiographs, used as calibration 
standards, were correlated with radioactivity as de- 
termined with a G-M counter. Following static or 
dynamic tests, specimens were washed in solvent and 
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Figure 3. Penetration of S-35 from “sulfurated oil” below 
surface at 140°C. 
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Figure 4. Rate of film formation (P-32) from tributyl trithio- 
phosphate on steel at various temperatures. 


autoradiographs taken. On immersion, the reaction of 
steel strips with the additive appeared to be auto- 
-atalytic, that is, increased with time. 

The amount of sulfur contained in the film in- 
creased markedly with temperature, which appears to 
correlate with the observation that the thickness of 
films on the gear teeth increased with increasing 
load. At each load, in the dynamic tests, a steady- 
state thickness of the film was reached fairly rapidly, 
indicating that rate of formation of the film and re- 
moval by abrasion were approximately equal. To 
check this conclusion, for the test performed with three 
hours duration at each load, the scale load was de- 
creased several times to five pounds. Each such de- 
crease in load was accompanied by a decrease in 
thickness of the film, as shown in Figure 5. 

Little formation of film was observed on the non- 
operative parts of the gear where contact pressure 
was low or non-existent. The maximum thickness of 
the E-P film was calculated to be 1.2 x 10~® inches, or 
about 100 monolayers of sulfide film. 

Furey and Kune (13) immersed steel specimens 
in solutions of zine dialkyl dithiophosphate (contain- 
ing Zn-65) in hexane for ten minutes at room temper- 
ature. It was calculated that the zine remaining on 
the surface after repeated rinses in various organic 
solvents was equivalent to over 100 molecular layers 
of the additive. Experiments with blends of this radio- 
active additive in white oil showed that retention of 
zine by steel surfaces increased with time, concentra- 
tion and temperature. An increase of temperature 
from 70 to 300°F caused a 15-fold increase in the 
amount of zine picked up by the steel. An increase in 
concentration from 0.01 to 1.0 percent by weight in- 
creased zine in the surface film by a factor of 12 to 20. 

The authors concluded that the retention of zine 
was probably caused by a chemical reaction, but they 
found no correlation between the quantity of zine 
retained by steel and the wear of valve lifters in oil 
containing this additive (in non-radioactive form). 
This may indicate that the zine part of the additive is 
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Figure 5. Effect of load on film formation (S-35) from di- 
benzyl disulfide on steel spur gears. 


not important in wear reduction, or it may mean that 
static immersion results give no significant idea of the 
processes occurring under dynamic conditions. 

An important piece of work by Weinstein and 
Kalinsky (14) was concerned with the determination 
of adsorption properties of rust inhibitors used in ma- 
rine turbine oils. One rust inhibitor (A) contained 
P-32; the other rust inhibitor was a dibasic acid (B) 
and contained C-14 in the carboxyl group. The base 
stock turbine oil contained one or both of the rust in- 
hibitors, plus non-radioactive oxidation inhibitors and 
an anti-foaming agent. 

Static tests were run at temperatures of 25, 70 
and 135°C, and dynamic tests in a gear reducer. The 
primary metal concerned was steel, although immer- 
sion tests were also carried out with nickel-copper 
(Monel), admiralty brass, copper, and babbitt metals. 
xenerally, the specimens were counted after a temper- 
ature treatment and extraction with boiling benzene. 
For both additives A and B, the rate of adsorption 
was greatest at the initial period of contact between 
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Figure 6. Rate of film formation (P-32) from additive A on 
steel at different temperatures. 


Journal of the American Society of Lubrication Engineers 


oil and metal, reaching maximum equilibrium values 
in three to eight days. Thereafter, adsorption of A 
and B at the lower temperatures remained constant, 
but for B at 135°C, the level of adsorption decreased. 
Adsorption rates were strongly temperature dependent, 
particularly during the early period of contact. 

The presence of additive B had no influence on 
the adsorption of A on steel, copper, brass and ad- 
miralty metals, but caused a decrease in adsorption of 
A on nickel-copper and babbitt. Figure 6 shows the 
effect of temperature on rate of adsorption of A on 
steel surfaces both with and without additive B. The 
presence of additive A did not affect the chemisorp- 
tion of B at 25°C, but decreased adsorption of B on 
steel surfaces at 70° and at 135°C. See Figure 7. The 
rate of adsorption of both A and B was directly pro- 
portional to the volume and concentration of additive 
in oil per unit area of steel. Analysis indicated the 
formation of a chemically adsorbed, non-phosphide, 
inorganic FE-P compound from additive A. 

Similarly, the authors concluded that the film 
formed from additive B was a soap produced by reac- 
tion of the dibasic acid with iron, although this soap 
film could be partially removed by heating at tempera- 
tures of 75° and 135°C. Both additives A and B were 
partially depleted by running in the gear reducer, 
either under dry or moist conditions; a considerable 
amount of radioactive additive was found to be asso- 
ciated with the wear particles. 

Finally, autoradiographs of the gears showed that 
both additives adhered principally to the rough, non- 
wearing surfaces. Portions of the gear subject to wear 
were relatively free from radioactive deposits. 


SUMMARY AND CONCLUSIONS 
Relatively little use has been made of radioactive 
tracers in oil additives for the study of extreme pres- 
sure lubrication. This is unfortunate, as it appears to 
be one of the most potent tools for analyzing E-P 
films and determining their mechanism of formation 
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Figure 7. Rate of film formation (C-14) from fatty acid addi- 
tive B on steel at different temperatures. 








and removal under dynamic test conditions. The use 
of radioactivated metal surfaces, although useful for 
metal wear measurements, is less productive in the 
study of additive action. By determining the amount 
of metal removed by the additive reaction, something 
can be learned about the corrosiveness or wear reduc- 
tion properties of a lubricant—but nothing can be 
learned about the lubricating film left on the surface. 
The analysis of this film by the use of radioactive 
tracers is a very direct and sensitive method, capable 
of determining concentrations as low as 10—* to 10-!” 
grams per square centimeter. 

The most generally used technique by investi- 
gators studying film formation was simple immersion 
of solid strip specimens in the radioactive oil, with or 
without agitation. 

This technique has the advantages of ease of op- 
eration, good temperature control, and simplicity of 
counting. However, because the temperatures at wear 
surfaces under dynamic conditions are much higher 
than the oil temperature, it is doubtful whether im- 
mersion is capable of giving the types of reacted films 
formed under dynamic conditions. Because of the in- 
stability of the oils and oil additives at high tempera- 
tures, it would be difficult or impossible to simulate 
the temperatures at contact areas in immersion tests. 
Conclusions made on the basis of immersion tests, al- 
though quite useful for screening oil additives, should 
be checked by running dynamic tests. 

Following immersion or dynamic testing, solvent 
extraction of the metal surface was generally used to 
remove the excess oil and physically adsorbed films. 
It is generally concluded that the film remaining on 
the surface after solvent washing or extraction is 
chemically adsorbed or reacted to form an adherent 
film. 

Under certain conditions (moderate temperature) 
this may be a satisfactory criterion for chemical ab- 
sorption, but under other conditions (high tempera- 
ture), polymerization or varnish formation may occur 
which could yield films insoluble in the solvent but 
not chemically adsorbed. Loosely held films, even 
though formed by chemical reaction, are generally 
removed by solvent washing. 

Heating, evacuation and mild abrasion has been 
used similarly to determine the adherence of adsorbed 
films. Most of these techniques are capable of partially 
removing physically adsorbed films, but none of them 
apparently affect chemisorbed additives except in the 
ease of carboxylic acid salts. Heating can cause de- 
carboxylization, resulting in a loss of radioactive C-14. 
In other cases, heating apparently fosters chemical 
reaction of the adsorbed film with an active metal 
surface and, of course, heating would accelerate poly- 
merization of certain oils. 

For the flat specimens generally used in immer- 
sion tests, counting with a Geiger-Muller counter 
gives quantitative results. For irregularly-shaped sur- 
faces, although the G-M counter has been used, it is 
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doubtful whether results of the same accuracy are 
obtained. For such surfaces, autoradiographs, pro- 
duced by exposure of X-ray film, give the most satis- 
factory results. 

On dynamic wear surfaces, autoradiographs have 
the distinct advantage that they give a pattern of the 
distribution of radioactive atoms, which is probably a 
function of contact pressure. Certain investigators 
calibrated the density of their autoradiographs from 
standard flat specimens with the G-M counter. 

In the static immersion test, general behavior of 
additives with metals involved a rapid initial adsorp- 
tion, followed by decreasing rate until the amount of 
adsorbed additive became practically constant with 
time. In general, many hours are required to achieve 
this steady-state condition. The effect of temperature 
was to increase markedly the rate of film formation; 
in most cases, the amount of film formed also in- 
creased. In a few cases, increase in temperature de- 
creased the amount of adsorbed film and/or also 
-aused a maximum to appear in the amount-vs-time 
curve. 

Certain unexpected effects occurring at these high 
temperatures might be caused by oil breakdown, since 
very little attention was paid this factor by most in- 
vestigators. In dynamic tests, a similar pattern of 
film formation was observed: the amount of adsorbed 
film increased with time of run and with temperature 
(or load). In the case of one investigator, the steady- 
state or equilibrium film formation appeared to occur 
in a much shorter period of time than was required 
under static immersion conditions. 

In those few reports where dynamic tests were 
reported, conflicting results were obtained. On the 
basis of tests with a sulfur containing, extreme-pres- 
sure additive, the highest concentration of active 
atoms was found on the high pressure areas of spur 
gears. However, in tests of rust inhibitors containing 
phosphorus and carboxylic acid groups, least radio- 
activity was found on the high wear areas; maximum 
concentration of both P-32 and C-14 was obtained 
on the rough, noncontacting areas of gears. This ap- 
parent conflict may be resolved when abrasive wear 
and/or the action of water (in marine turbine oils) is 
taken into account. 

The observed film thickness is dependent on the 
rate of film formation and the rate of its removal. The 
latter process will be accelerated by abrasion, and cor- 
rosion and leaching by water, which if they predomi- 
nate, can give the apparent result that the active film 
is either absent or very thin. 

Where calculations were made of the thickness 
of adsorbed films, these ranged up to 100 monolayers. 
Since this is much thicker than has generally been 
assumed for chemisorbed films, other factors are prob- 
ably involved in the formation of such multilayers. 

Most of these film thicknesses were calculated on 
the basis of the geometric surface area, rather than 
the true area of the metal, so that considerable error 
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exists in statements of “thickness of film in monolay- 
ers.” If the oil additive breaks down at the surface, 
leaving the radioactive atom combined with the metal, 
the assumed size of the adsorbed molecule would be 
much too large. 

Finally, the possibility exists, particularly at ele- 
vated temperatures, that there is a chemical reaction 
between active groups in the oil breakdown products, 
thus binding the multilayers together by polymeriza- 
tion. 

The effect of surface roughness, since it is gen- 
erally unknown, can be very important in the analysis 
of additive films. It was pointed out above that sur- 
face roughness could introduce errors of several orders 
of magnitude in calculating the number of layers in 
an adsorbed film. In addition, one observation that 
8-35 could penetrate into a lead or lead-bronze surface 
may indicate only that the additive has penetrated to 
the bottom of the crevices or valleys in a relatively 
rough surface. Further work is required to indicate 
the true cross-section structure of additive films. 

Probably one of the most important observations 
resulting from this review is the specificity of addi- 
tives for different metal surfaces. It was observed by 
several workers that sulfur is adsorbed more rapidly 
on copper surfaces and copper bearing alloys and 
phosphorus on steel or iron alloys. In addition, polar 
films such as oxides or sulfides apparently react much 
more rapidly with fatty acids than reduced surfaces. 
A more complete understanding of this specificity of 
additives for particular metals could lead to improved 
selection of lubricants for solid film formation. 

The observation that the chemisorption of one 
additive can inhibit the reaction of a second additive 
is also very important. This is indicative of competi- 
tive reaction of additives at the metal surface result- 
ing in the formation of films of different. composition 
depending upon the temperature and other reaction 
conditions. The proper control of such competitive 
reaction could result in combinations of additives 
which give better lubrication over a wider range of 
conditions than are presently available. 
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Rust Preventives 


E. J. Colerick * 


Records of metal corrosion can be traced back to 
the lower neolithic age or about 1400 B.C.; however, 
little concern was felt by this attack on our metallic 
wealth as rust was accepted as a necessary evil. Later 
the principle of protecting surfaces which are suscepti- 
ble to rusting and corrosion by the application of an 
inert film was realized and has now been applied many 
centuries. The first coatings or films used as rust- 
preventives were such materials as animal oils and 
fats such as tallow, lard oil, fish oils and sperm oils. 
Some of these were wonderful rust preventives and are 
still in use today. The research and development of 
petroleum base rust preventives, as they are known 
today, did not gain momentum until the late 1930's 
which followed by World War II gave great impetus 
to this young industry. 

A brief review of a recent study on the cost of 
corrosion to U. S. industry will illustrate that we have 
only scratched the surface in our attempt to determine 
the mechanism and corrective means of preventing 
and retarding corrosion. 

It has been conservatively estimated that the an- 
nual cost of corrosion in the USA is in excess of six 
billions of dollars, i.e., one of every 50 tons of iron and 
steel annually reverts to iron oxide. 

U. S. railroads’ annual corrosion cost is over 500 
million. Cables, foundations and pipe suffer over 1 bil- 
lion dollar damage annually from contact with the 
ground. Hot water tank replacement through corrosion 
cost home owners over 225 million dollars. The U. §. 
Navy has estimated a loss of over 100 million annually 
due to metal corrosion. SAE claim corrosion a major 
factor in the annual junking of 3 million automobiles. 

What is metal corrosion or rusting? Simply stated, 
it is an electrochemical action by which most metals 
try to revert or return to their natural form, namely 
oxides. 

Although there are many conditions which cause 
corrosion, the prime cause and perhaps the most diffi- 
cult to understand is that attributable to moisture and 
air. These two substances must be excluded to avoid 
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electrochemical corrosion. When two metals are in 
contact with each other in a solution, water or chemi- 
cal, an electric current is formed that causes the corro- 
sion of the more chemically active of the two metals. 
For this reason, when bi-metal fabrication is neces- 
sary, Table 1 should be referred to, for when using two 
or more different metals, the selection of these metals 
is of extreme importance in order to avoid metals dif- 
fering considerably in electrode potential. 


TABLE 1. Gatvanic Series 
(Related behavior of metals and alloys in natural electrolytes) 





CATHODIC (+) 


1} Stainless Steel Chromium Stainless 
(passive) Steel (active) 
Monel Metal Cast Iron 
Silver Solder Wrought Iron 
Nickel (passive) Mild Steel 
Gunmetal Cadmium 
Cupro Nickel Aluminum Alloys 
Copper Aluminum 
Brass Galvanized Wrought 
Aluminum Bronze Iron 
Nickel (active) Galvanized Steel 
Naval Bronze Zine 
Manganese Bronze Magnesium Alloys 
Tin Magnesium 
Lead 
Stainless Steel (active) 

Lead Tin Solder y 








ANODIC (—) 





Table 1 gives a good indication of the couples to 
be avoided. A large area of cathodic (+) metal in 
contact with a small area of a anodic (—) metal of 
widely different electrode potential such as monel 
metal and mild steel would cause a rapid electro- 
chemical attack on the mild steel in the presence of an 
electrolyte. 
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Using the above principle, research developed the 
sacrificial anode which today is used to protect every- 
thing from the household hot water heater to the hulls 
of ships. These anodes are usually made of mag- 
nesium, a metal, shown in Table 1, which is high in 
the galvanic series. These magnesium anodes serve to 
protect less chemically active metals such as iron and 
steel from electro-chemical corrosion. The anodes suf- 
fer the damage and are replaced when deterioration 
has reached a point where they can no longer protect 
the other metal. Oil-immersed rectifiers are also used 
in the protection of pipe lines and underground cables. 
Rectifiers generate their own weak current which prin- 
ciple is very similar to the sacrificial anode. 

In addition to the sacrificial anode and the recti- 
fier, industry employs many other methods to retard 
corrosion, 


METALLIC COATINGS 


Metallic coatings such as aluminum, tin, nickel, 
zine and copper are applied by plating, spraying and 
dipping. 


NON-METALLIC COATINGS 


Non-metallic coatings consist of paints, resins, 
plastics, petroleum-base materials, volatile corrosion 
inhibitors and chemicals. Paint is in first place as a 
protector against corrosion for over half of all metal 
paint sold is for protective purposes. 

During 1956, 24,800,000 gallons of resin-plastic 
type rust preventives were sold to industry. These in- 
cluded such resins as urea, melamine, styrene, vinyl 
chloride, phenolic and acrylic polyesters. 

Chemical preservatives such as urea plus sodium 
nitrite, dicyclohexylamine and di-isopropylamine ni- 
trites which are commonly known as volatile organic 
amine nitrites or vapor-phase inhibitors are slowly 
gaining acceptance, particularly in the packaging in- 
dustry. 


PETROLEUM BASE RUST PREVENTIVES 


It is still a fact, that, for temporary or long-term 
protection, oil type rust preventives are the cheapest 
method of protection. Millions of gallons will be used 
annually by the government agencies and industry, 
particularly in the steel and automotive industries al- 
though we anticipate that the use of chemicals, resins, 
and plastics will also increase, replacing certain oil- 
type rust preventives. Refined petroleum oils are ex- 
cellent carriers for effective rust prevention additives. 
These oils are low in cost, non-volatile, moderately 
good solvents and have lubricating properties where 
they are required. 

As previously stated, it was not until late in 1930 
that a great concerted research effort was made by 
government and private industry to develop improved 
oil-type rust preventives. Overnight, because of the 
war, the government required huge quantities of these 
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types of rust preventives. The leader in the develop- 
ment of protective coatings from petroleum and petro- 
chemicals has been and continues to be the De- 
partment of Defense. Under their direction, rust 
preventives are being developed and evaluated at Rock 
Island Arsenal, Wright-Patterson Air Force Base, 
Naval Air Command, and the U. 8. Naval Engineering 
Experimental Station. 

The Government is now in the process of con- 
solidating their oil base rust preventive specifications 
into five groups similar to the group classification used 
by many suppliers; namely: 


. Solvent cut-back fluids 

. Hot-dip compounds 

. Petroleum oil plus additives 

. Internal Combustion Engine Preservatives 
5. Chemical Preservatives 


mewn 


When this consolidation is completed, most gov- 
ernment specifications for rust preventives will fall 
into one of the above groups. New specifications for 
groups 1 and 2 have been completed and are known as 
MIL-C-11796A and MIL-C-16173A. The former speci- 
fication is divided into four classes which are hot ap- 
plication compounds which vary from soft to hard 
films. The latter specification also has four classes all 
of which are cold applied solvent cut-back preserva- 
tives also varying from an impervious hard film to a 
soft film, which readily displaces moisture. 


Solvent Cut-back Fluids 


In general, these products consist of low-viscosity 
oils or rather viscous oils plus a volatile solvent. 
Blended with the mineral oil are usually several sur- 
face-active additives. The solvent diluent is usually 
mineral spirits, or kerosene, however for special appli- 
cations highly aromatic solvents are used. Trichloro- 
ethylene can also be used where a non-flammable sol- 
vent is required. The solvent acting as a vehicle evap- 
orates leaving a thin transparent oil or waxy film of 
desired thickness. Fluids of this type are easy to apply 
by dip, spray, swab or brush. They are designed spe- 
cifically for the indoor protection of sheet steel, highly 
machined surfaces, small parts under relatively mild 
conditions of shelf storage, package shipment or inter- 
process protection. Special water displacing and finger 
print neutralizing characteristics can be built into 
these fluids. These characteristics are mandatory in 
fluids protecting parts which are wet with water or 
soluble oil from machining operations as well as parts 
which are stained by finger prints under high humid- 
ity conditions. These films are easily removed by wip- 
ing, degreasing, or hot water washing. 


Hot-dip Compounds 


Hot-dip compounds are generally hard tough 
coatings. These rust preventives most closely approach 
the paints in physical characteristics. Hot-dip com- 
pounds differ from paints in being removable: they 


351 








have little or no decorative value, are opaque, and 
less expensive than paint. However, the film provided 
is not self sealing, and a break in the surface coating 
can result in severe under-surface attack. Hard film 
coatings are recommended for protection in out-door 
unsheltered exposure. Products which give this type of 
film consist of non-volatile bases dissolved or sus- 
pended in volatile solvents. The solvents are of the 
paint-thinner type, mineral spirits, or aromatic ex- 
tracts. The noon-volatile portion is generally a special 
high melting point, tough elastic asphalt. Should a 
clear coating be required, the asphalt can be replaced 
with a material such as ester gum or a refined petrol- 
eum resin. The principal disadvantage of hard coat- 
ings is the difficulty encountered in removing the film. 
An aromatic solvent is necessary for removal; how- 
ever, these films do provide excellent long-term pro- 
tection in outdoor, unsheltered storage. 


Petroleum Oil Plus Additives 


Oil-type preservatives in this group include the 
non-drying, non-setting typé of protective films. This 
group includes various viscosities of oil plus polar addi- 
tives; however, the low viscosity oils are most versa- 
tile and popular. They are easy to apply and remove; 
the films are clear and odorless, and are self-mending 
if ruptured. It is unfortunate that the degree of pro- 
tection obtainable with these films is limited for if it 
were possible to obtain long duration protection with 
oils of this category, they would largely replace most 
of the other types. 

The humidity cabinet life of a straight 100 second 
mineral oil is approximately three to four hours. But 
with the incorporation of selective additives this hu- 
midity cabinet life can be increased to over 1,000 
hours. These additives include the organic fatty acids, 
their salts and esters, and various salts of petroleum 
sulfonic acids. 

Oil plus additive types of films which could be 
recommended for outdoor storage have not yet been 
developed, but they are excellent for indoor shelf stor- 
age or inter-process protection. 


Internal Combustion Engine Preservatives 


For years the government and industry have 
used millions of gallons of internal combustion en- 
gine preservatives. Probably the most widely known 
of all U. S. Government Specifications is MIL-L- 
21260 Lubricating Oil Internal Combustion Engine 
Preservative which covers three SAE grades, namely 
10, 30 and 50. The need and advantages of special in- 
ternal combustion engine preservatives became evi- 
dent when it was realized that oils meeting MIL-L- 
2104A could not provide the protection required for 
engine storage or extended periods of shut-down. 

MIL-L-21260 oils utilize high viscosity index, sol- 
vent extracted base oils plus polar additives and with 
a neutralizer for the acidic products of combustion. 
Oils of this type are used for the protection of engines 
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to be stored or shipped. Using these oils which lubri- 
cate as well as protect, engines can be operated safely 
but for short periods of time only. 

The advent of the highly alkaline heavy-duty en- 
gine oils and the upgrading of proprietary brand en- 
gine oils by the petroleum industry over the past five 
years have resulted in the existence of high additive- 
level oils which either equal or exceed the humidity 
cabinet life of MIL-L-21260 approved oils. Last year 
one of the big three automotive producers, who cus- 
tomarily used over 3,000,000 gallons annually of a 
SAE 10 drive-away oil meeting MIL-L-21260, found 
it advantageous to change the drive-away oil specifi- 
cation to one conforming to MIL-L-2104A but requir- 
ing the rust protection comparable to the MIL-L- 
21260 oils. 

Today indications point to the future abandon- 
ment of U. S. Government Specification MIL-L-21260 
when all proprietary brand engine oils give equal or 
superior protection and have a humidity cabinet life 
exceeding 500 hours. Engine operation for a normal 
period before an oil change is the principal advantage 
over MIL-L-21260 type oils. The action of some high 
additive level proprietary engine oils is similar to that 
of lubricating oils containing rust inhibitors such as 
turbine and hydraulic oils which displace water from 
surfaces bathed by the oil in continuously circulating 
oil systems. 


Chemical Preservatives 


A variety of chemicals have been introduced in re- 
cent years. One of the important ones is hydrazine 
which has been successfully used to condition feed 
water for boilers. This clear colorless liquid reacts 
with oxygen to form nitrogen and water. It is claimed 
that one pound of hydrazine will remove one pound 
of oxygen. 

Of all chemical preservatives, the volatile corros- 
ion inhibitors appear to be most popular and effective. 
This group has been given the name of V. C. I. by the 
joint industry committee which has now been adopted 
by most people in the industry. These products consist 
of volatile organic amine nitrites and related com- 
pounds such as urea plus sodium nitrite, dicyclohery- 
lamine nitrite and di-isopropylamine nitrite. As can be 
noted, these products contain the nitrite ion which 
is really the part that inhibits corrosion. The vapor 
pressure of these compounds is related to their molecu- 
lar weight, and is sufficient to cause them to sublime 
slowly, producing vapors which inhibit corrosion even 
in the presence of moisture and oxygen. The vapor 
condenses on the metal surface where the nitrite ion 
is oriented. This action is unique to this class of rust 
preventives. The other classes which have been dis- 
cussed, either displace or exclude oxygen or moisture 
from the surfaces to be protected. 

The use of vapors for protection against corrosion 
has possibilities of protecting remote areas which 
heretofore were almost impossible to protect. The va- 
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pors protect with great ease and in many instances 
offer economic advantages over conventionel methods. 
They also involve no removal or cleaning problems. 

Nevertheless, V. C. I. cannot be considered as a 
cure-all for all corrosion problems. It should be con- 
sidered as a forward step in the fight against corros- 
ion, and only through intelligent application will its 
full advantages be realized. 

V. C. I. may be applied directly in crystalline 
form, coated on paper, or used in a solution, or as in 
the latest innovation, as aerosol bomb. The type of 
protection desired will govern the method of applica- 
tion. For example, upper cylinders of internal combus- 
tion engines would best be protected with the crystals; 
while shipments of riflles would best be protected with 
coated paper and boxes of small parts would best be 
protected by both crystals and paper. 

In any of the methods previously mentioned, the 
powder sublimes and the protecting vapor is trans- 
ported by convection and diffusion to all surfaces of 
the metal where it condenses, giving a minutely thin 
layer of the crystals. In the presence of even minute 
quantities of moisture, these crystals dissolve, yielding 
the nitrite ion in the condensed or absorbed moisture. 
As can be seen, this is not to be compared to a desic- 
cant-type protective, such as silica gel, since the 
V. C. I. does not absorb the moisture but merely acts 
in its presence. 


ADVANTAGES OF VOLATILE 
CORROSION INHIBITORS 


1. They provide years of economical protection 
under severe conditions of humidity and tem- 
peratures. 

2. If rusting has already begun, V. C. I. will ar- 
rest the present rusting and stop any further 
corrosion. 

3. There is no grease, oil or “gunk” to remove 
prior to use of the protected unit. 

4. Solutions of V. C. I. in distilled water in con- 
centrations of 0.01 percent protect immersed 
steel parts from rusting. 

5. The labor of applying rust preventive coating 
on the steel is eliminated since the V. C. I. va- 
pors travel and apply themselves to all por- 
tions of a packaged article within approxi- 
mately 12 inches from their source. 

6. Packages do not need to be tightly sealed. 

7. The presence of an oil or other preservative 
film on the part to be protected does not im- 
pair protection afforded by V. C. I. vapors. 

8. Articles which are in a V. C. I. package may 
be removed, examined and replaced without 
destroying the protective action. 

9. V. C. I. is harmless to handle. No instances 
have been found of skin reaction; however, the 
chemical is slightly toxic if taken by mouth, 
though no more so than sodium nitrite which 
is used as a preservative for canned meat. 
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LIMITATIONS OF VOLATILE 
CORROSION INHIBITORS 


1. V. C. I. has no detrimental effect on most non- 
ferrous metals but offers no outstanding ad- 
vantages in preventing corrosion on them. 

2. V. C. I. decomposes to a noticeable degree at 
temperatures above 150°F-160°F. At 225°F., it 
decomposed quite rapidly. 

3. V. C. I. is decomposed by acids; however, a 
new V. C. I. containing an organic basic neu- 
tralizer has been developed and has been found 
effective in the presence of acidic conditions 
such as the combustion chambers of internal 
combustion engines. 


EFFECTIVENESS OF V.C.I. 


The period of protection of V. C. I. is dependent 
on several factors, namely, ambient temperature, na- 
ture of outer barrier, rate of circulation of air through 
and around the package, and the rate of leaching of the 
condensed crystals from the surface of the metal. A 
vapor-tight package containing three grams of V. C. I. 
per cubic foot of volumetric contents stored at an am- 
bient temperature of 70°F. could be expected to pro- 
vide complete protection against rust for a period in 
excess of 15 years. If the ambient temperature were 
raised to 110°F., the life expectancy of the V. C. I. 
would be approximately one year. To estimate cover- 
age, industry uses a “rule of thumb” of three grams 
per cubic foot or two grams per sq. foot. Before dis- 
cussing “cleaning,” it should be emphasized that the 
proper application of the rust preventive is even more 
important than the choice. It is important to follow 
the prescribed procedures, such as the Army method 
for engine preservation and packaging specifications. 


TYPES OF CLEANING METHODS USED 
PRIOR TO APPLICATION 


It is impossible to overemphasize the necessity 
for thorough cleaning. The time and care taken in se- 
lecting a proper rust preventive is wasted when the 
product is applied over a dirty or contaminated sur- 
face. In order to obtain maximum or even reasonable 
benefits from various preservative coatings, there 
should be no contamination whatever remaining on the 
surface to be coated. The contaminants to be removed 
include dust, dirt, moisture, perspiration residue, metal 
chips, cutting, cooling, drawing, and polishing com- 
pounds, rust and scale, welding or soldering fluxes, 
chemical mists, residues from heat treating processes, 
pickling acids and etching solutions. Where moisture 
or perspiration residues are the only contaminants 
present, water displacing and perspiration neutralizing 
fluids can be used to effectively clean and protect in a 
single application. 

Four types of cleaning are utilized before apply- 
ing protective coating i.e., mechanical, chemical, sol- 
vent and steam cleaning. 
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When the surfaces are already rusted or covered 
with seaie or dirt mechanical cleaning is used, usually 
scraping, with a wire brush or blasting with shot or 
sand. 

Chemical cleaning employs a 200°F. mild alkali 
bath or the use of many chemicals such as silicates, 
phosphates, borates and carbonates. Chemical clean- 
ing is not used for highly polished surfaces or for use 
on aluminum, zine, or magnesium. 

Solvent cleaning is used to remove oil, grease, 
moisture and perspiration deposits. Mineral spirits, or 
alcohol are most commonly employed. 

For impact removal of contaminants, steam clean- 
ing is very effective. Hot water rinsing is also used al- 
though thorough drying is mandatory before applying 
the preservative. Steam cleaning is superior in remov- 
ing heat treatment salt-residues and fluxes. 


LABORATORY EVALUATION TESTS 


In conclusion it might be well to mention briefly 
the laboratory tests used to evaluate protective coat- 
ings. Although all laboratory tests are accelerated pro- 
cedures, they do give a degree of correlation with ac- 
tual service life. 


1. HUMIDITY CABINET TEST 


In the humidity cabinet test, metal panels with 
uniformly prepared surfaces are coated with a 
rust preventive and placed in a special cabinet 
through which air passes at a uniform rate. 
This air is maintained at 100 percent relative 
humidity, heated to 100°F and_ directed 
through the cabinet against bafle plates which 
insure uniform air distribution. Coatings com- 
parable in purpose and consistency are placed 
on special test panels, and the measure of qual- 
ity is the number of hours elapsed before ini- 
tial corrosion takes place, as determined by 
visual examination of the surface. 





The humidity cabinet test is a good indi- 
cation of the merit of products used for indoor 
or sheltered outdoor storage where humidity 
and temperature variations are the main cor- 
rosive influences. 


2. SALT SPRAY TEST 


For the salt spray test a specially constructed 
cabinet is used. Coated panels are hung vertic- 
ally and subjected to a spray consisting of 
either 4 or 20 percent salt solution in water. 
This spray is highly atomized by impingement 
upon a baffle plate and then passes over the 
panels. The salt spray simulates in an accel- 
erated manner the severe conditions found near 
the seashore or when shipment is made by 
boat. 


3. WEATHEROMETER 


The weatherometer is a circular metal box con- 
taining a powerful ultra-violet light to simu- 
late sunlight and a spray section to simulate 
rain. The treated panels revolve slowly around 
a circular track inside the box and are alter- 
nately exposed to artificial sunlight and rain. 
Fifty or sixty days in this cabinet is gen- 
erally considered equivalent to one year’s out- 
door exposure. 

Other tests include the use of contact angles, sta- 
tic water drop test, and several tests to indicate such 
properties as ease of removal, separation tendencies, 
drying time, film thickness and compatibility with 
other lubricants. 

The common faults in testing rust preventives are 
the use of tests which are unnecessarily severe or neg- 
lect to cover some corrosive factor which does occur 
in actual use. Actual service results are the final check 
and are always to be preferred. 





GUIDE TO AVAILABLE PUBLICATIONS 


INTERPRETING SERVICE DAMAGE 
IN ROLLING TYPE BEARINGS 


Manual on ball and roller bearing damage includes drawings, tables 
and photos to aid in classifying and identifying causes of bearing 


damage. $1.00. Foreign $2.00 
LUBRICATION ENGINEERING DECENNIAL INDEX 


Subject and Author Indexes list papers published in Lubrication Engi- 
neering, Volumes 1 through 10 (1945 through 1954). $.50. Foreign $1.00 | 


PETROLEUM-TYPE HYDRAULIC FLUIDS 


Second in monograph series covers Hydraulic Oil Specifications and 
Service Properties, Viscosity, Viscosity Index, Demulsibility, Oxida- 
tion Stability, Lubricating Value, Rust and Corrosion Preventive 


Qualities. $1.00. Foreign $2.00 
PHYSICAL PROPERTIES OF LUBRICANTS 


First in ASLE monograph series covers Viscosity, Density and Spe- 
cifie Gravity, Cloud and Pour Points, Flash and Fire Points, Carbon ‘meen 
Residue, Neutralization Number and Interfacial Tension, Saponifica- 
tion Number, Emulsification, Specific Heat. $1.00. Foreign $2.00 
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PRODUCT LITERATURE 
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BOOKLET ON SYLOIDS 


A new technical booklet describes typi- 
cal chemical and physical properties as 
well as applications of 11 Davison Syloid 
micro-size silica products used for such 
purposes as flatting, anti-blocking, thick- 
ening and moisture removal, and in ad- 
hesives and insulation. To meet applica- 
tion requirements, the products cover a 
wide range of variation in density, parti- 
cle size, pH, surface area, density, oil 
absorption, and other characteristics. 
“The Davison Family of Syloid Silicas” 
is obtainable on application to Industrial 
Chemicals, Davison Chemical Division of 
W. R. Grace & Co., Baltimore 3, Md. 


HYDRAULIC TUBE FITTINGS 


A 28-page catalog devoted to the com- 
plete line of hydraulic tube fittings man- 
ufactured by Flodar Corp. is now avail- 
able. The new catalog is divided into 
three sections covering self-flaring fit- 
tings, no-flare fittings and flare-type fit- 
tings. Each section contains complete 
information on the design and installa- 
tion of the particular type covered plus 
detailed dimensional and engineering 
specifications. Information on all popu- 
lar shapes and sizes from %” to 2” are 
included. Several pages are devoted to 
specifications on high pressure steel pipe 
fittings commonly used in hydraulic sys- 
tems. Copies of Catalog #556 are avail- 
able from Flodar Corp., 16911 St. Clair 
Ave., Cleveland 10, Ohio. 


SUN OIL BOOKLET 


A new revision of Technical Bulletin 
B-4, “Hydraulic Fundamentals and In- 
dustrial Hydraulic Oils” has been issued 
by Sun Oil Company. This 44-page book 
is a practical introduction to the prin- 
ciples of hydraulic systems, with illus- 
trated explanations of the most impor- 
tant types of valves, pumps, motors, 
torque converters, and accessories. An 
explanation of important oil character- 
istics is followed by sections on oil selec- 
tion and trouble-shooting. For copies of 
Technical Bulletin B-4, write to Sun Oil 
Company, Philadelphia 3, Pa. 


DIESTER FLUID BASE 


Emolein 2910 lubricant ester, a new 
diester fluid base for synthetic lubricants, 
is the subject of a 10-page technical bul- 
letin by Emery Industries. It lists speci- 
fications and characteristics for the prod- 
uct and gives suggested starting formulas 
for synthetic lubricating fluids and 
greases. Primary advantage claimed for 
Emolein 2910 is that it enables the com- 
pounding of lower cost synthetic lubri- 
cants without sacrificing critical perform- 


ance characteristics. Copies of Technical 
Bulletin No. 411, titled “Emolein 2910 
Lubricant Ester,” are available upon re- 
quest from Emery Industries, Inc., Dept. 
5, Carew Tower, Cincinnati 2, Ohio. 


ESTIMATING HANDBOOK 


The National Screw Machine Products 
Association has prepared an estimating 
handbook designed to provide a modern, 
thorough guide to estimating screw ma- 
chine products for both independent pro- 
ducers and company-operated screw ma- 
chine departments. Topics covered in the 
handbook include: basic quoting proce- 
dures and qualifications; materials; esti- 
mating production on various equipment ; 
setup, operating, administrative and other 
cost; specific examples of estimating; 
and estimating forms and aids. Titled 
“Estimating Manual for the Screw Ma- 
chine Products Industry,” the handbook 
is available to buyers of screw machine 
products as well as qualified producers. 
For information on price, contact Na- 
tional Screw Machine Products Associa- 
tion, 2860 E. 130th St., Cleveland 20, 
Ohio. 


HEAT DIFFUSER BOOKLET 


An informative brochure explaining the 
company’s new line of direct-fired heat 
diffusers is being offered by Carrier Cor- 
poration. The illustrated booklet de- 
scribes the various installations in which 
the space heating plant is featured as a 
low cost central system for schools, 
churches, warehouses, factories and other 
large-area buildings. Typical uses of the 
heat diffuser are shown for heating and 
ventilating, with air conditioning, for 
central heating and in manufacturing 
processes. A step-by-step formula for se- 
lecting the proper capacity unit is in- 
cluded, along with tables showing ratings 
and physical data, fan performance and 
resistances of filters and other accessories. 
The booklet can be obtained by writing 
for Catalogue 46 AF 91, from the Unit 
Heater Department, Carrier Corp., 300 
South Geddes St., Syracuse 1, N. Y. 


“CHEMETRON” BROCHURE 

A new brochure describing activities of 
the entire company has been published 
by Chemetron Corporation, formerly 
named National Cylinder Gas Company. 
The 32-page illustrated brochure con- 
tains sections on products and services of 
the company’s seven divisions and its 
subsidiaries and affiliate companies and 
features the first history of the company. 
Copies may be obtained from Chemetron 
Corporation, 840 N. Michigan Ave., Chi- 
eago 11, Ill. 
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“THI LUBRICANT 
MEET® OUR 
REQUIREMENTS 
FOR SUB-ZERO 
TEMPERATUREC’ 











Says- TUCKER SNO-CAT CORP. 





‘We are proud to state that there 
are over 50 SNO-CATS satisfactorily op- 
erating in the Antarctic in temperatures 
as low as minus 60 degrees. This seems 
to us the ultimate in extreme tests for 
both SNo-CATs and LUBRIPLATE LOw- 
Temp Lubricant on which SNo-Cats de- 
pend for their consistently outstanding 
and reliable performance.” 


J.M. Tucker, General Manager 
REGARDLESS OF THE SIZE AND 


TYPE OF YOUR MACHINERY, 
LUBRIPLATE GREASE AND 
FLUID TYPE LUBRICANTS WILL 
IMPROVE ITS OPERATION AND 
REDUCE MAINTENANCE COSTS. 


LUBRIPLATE is available : 
WWBRIPLATE) 




















in grease and fluid densi- 
ties for every purpose... 
LUBRIPLATE H.D.S. 
Moror OI meets today’s 
exacting requirements for 
gasoline and diesel 
engines. 


For nearest LUBRIPLATE distributor see 
Classified Telephone Directory. Send for 
free ‘“LUBRIPLATE DATA BOOK”... a 
valuable treatise on lubrication. Write 
LUBRIPLATE DIVISION, Fiske 
Brothers Refining Co., Newark 5, N. J. 
or Toledo 5, Ohio. 


PREVENTS WEAR «x 
CORROSION ’ 
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Patent Abstracts . 


Grease Composition, Patent 2,790,770 
(M. Fainman and R. A. Swenson, as- 
signors to Standard Oil Co.) A lubricat- 
ing grease composition which essentially 
comprises an oleaginous base thickened 
by a metal soap grease thickener, a lead 
soap of sulfurized tall oil, an oil soluble 
organic polvsulfide and a second oil 
miscible lead soap in an amount increas- 
ing the ratio of lead to sulfur in the 
composition to the range of about 2:1 to 
i 


Lubricating Composition, Patent 2,790,- 
771 (A. F. Prust, assignor to Republic 
Steel Corp.) A synthetic lubricant, for 
use in lubricating metal cutting knives, 
said lubricant having good cold metal 
lubricity and film strength characteristics 
and chemical and physical stability, said 
lubricant consisting essentially of an 
oleic soap of triethanolamine and free 
triethanolamine and having properties 
resulting from its preparation by mixing 
triethanolamine and oleic acid together 
in the ratio of about 2 parts and about 
30 parts of oleic acid to between about 
98 parts and about 70 parts of triethanol- 
amine. 


Cutting Oil Composition, Patent 2,790,- 
772 (E. C. Hughes and H. M. Stine, as- 
signors to The Standard Oil Co.) A cut- 
ting oil comprising a mineral oil and 
from about 0.5 to about 5% by weight of 
a mixture of organic polysulfides. 


Cutting Oil Composition, Patent 2,790,- 
773 (H. M. Stine, assignor to The Stand- 
ard Oil Co.) A cutting oil concentrate 
consisting essentially of about 60% by 
weight of a dimethylbenzyl polysulfide. 


Cutting Oil Composition, Patent 2,790,- 
774 (E. C. Hughes, H. M. Stine, and 
S. M. Darling and Chien-wei Liao, as- 
signors to The Standard Oil Co.) A cut- 
ting oil comprising a mineral oil and 
from about 0.5 to about 5% by weight of 
a mixture of organic dipolysulfides. 


Cutting Oil Composition, Patent 2,790,- 
775 (E. C. Hughes and H. M. Stine, as- 
signors to The Standard Oil Co.) A 
cutting oil consisting essentially of an 
oil-soluble sulfurized mineral cutting oil 
base containing between 1 and about 
60% by weight of dimethylbenzyl tetra- 
sulfide containing an average of about 
4 sulfur atoms in the sulfur bridge. 


Water-Resistant Gels and Their Manu- 
facture, Patent 2,790,776 (W. E. Savage 
and W. H. Peterson, assignors to Shell 
Development Co.) A process for the 
preparation of a grease composition 
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which comprises mixing a hydrogel of an 
amorphous inorganic colloid with from 
about 10% to about 100% by weight, 
based on the colloid, of a hydrophobic 
surface-active agent and from about 50% 
to about 150% based on the weight of 
colloid of a lubricating oil, spray drying 
the mixture so formed to produce a 
pulverulent material and dispersing it in 
a lubricating oil to form a grease compo- 
sition containing from about 1% to 
about 20% by weight of the colloid. 


Rust Preventive Composition, Patent 
2,791,510 (L. W. Sproule and J. L. Tiedje, 
assignors to Esso Research & Engineer- 
ing Co.) A rust inhibiting composition of 
the solvent and film type consisting 
essentially of about 8 to 12% by weight 
of paraffin wax of melting point between 
100 and 120 F. and molecular weight be- 
tween 300 and 400, 1 to 5% of a partial 
long chain fatty acid ester of polyhydric 
alcohol, and a major proportion of a 
predominantly non-aromatic hydro- 
carbon solvent having a boiling range 
between 150 and 450 F., said paraffin wax 
being soluble in said solvent. 


Combination Additive for Mineral Lu- 
bricating Oils, Patent 2,791,559 (E. B. 
Cyphers and R. P. Nejak, assignors to 
Esso Research & Engineering Co.) A 
lubricant composition consisting essen- 
tially of a paraffin-base lubricating oil, 
in the range of about 0.1 to 10% by 
weight of 2,2’-methylenebis (4-methyl-6- 
tert.-butylphenol) and in the range of 
0.2 to 2.0% by weight of zinc naphthenate 
obtained from petroleum naphthenic 
acids having an average molecular weight 
in the range of about 200 to 300. 


Lubricating Grease Thickened with a 
Sodium or Lithium Soap and Indigo, 
Patent 2,791,560 (J. P. Dilworth and 
J. R. Roach, assignors to The Texas Co.) 
A lubricating grease consisting essentially 
of an oleaginous liquid lubricating base 
thickened to a grease consistency with 
about 5 to 20 percent by weight based 
on the weight of the composition of 
indigo in finely divided form and about 
5 to 20 percent by weight based on the 
weight of the composition of a soap 
selected from the group consisting of 
sodium and lithium soaps of fatty acids 
containing from 12 to 16 carbon atoms 
per molecule. : 

Stabilized Diester Lubricant, Patent 
2,792,346 (A. W. Lindert, assignor to 
Standard Oil Co.) A lubricant consisting 
essentially of about 90 to 95 percent of a 
diester of a dicarboxylic acid containing 
about 4 to 8 carbon atoms per molecule, 
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the added ester groups having a carbon 
chain length of about 5 to 15 carbon 
atoms, about 4 to 6 percent tricresyl 
phosphate, about 3 to .7 percent pheno- 
thiazine and about 5 to 5 weight percent 
dilauryl selenide. 


Process for Maintaining High Oxida- 
tion Stability in Refining of Lubricating 
Oils, Patent 2,793,982 (J. W. Tierney 
and R. E. Taylor, assignors to The Pure 
Oil Co.) The method of preparing min- 
eral lubricating oil stocks exhibiting good 
resistance to oxidation comprising treat- 
ing a deasphalted, dewaxed and solvent 
refined lubricating oil fraction of Mid- 
Continent origin, containing in excess of 
0.2 weight percent of total sulfur present 
as naturally-occurring sulfur compounds, 
with commercial grade 20-200 mesh silica 
gel having an apparent density of about 
40-50 Ib./cu. ft. to reduce said sulfur con- 
tent to a minimum of not less than 0.1 
weight percent nor more than 0.2 weight 
percent based on the lubricating oil. 


Mineral Oil Base Lubricant, Patent 2,- 
793,999 (Wilhelm Dietrich, Hans-Joachim 
Mertens and Fritz Wetter, assignors to 
Chemische Werke Huls Aktiengesell- 
schaft) A lubricant consisting essentially 
of a lubricating medium selected from 
the group consisting of mineral oils and 
greases, a nitro compound selected from 
the group consisting of aliphatic and 
aromatic nitro compounds in the range 
from 0.05 to 1% by weight and a sul- 
furized low molecular weight aromatic 
substituted olefine in the range from 0.5 
to 10% by weight, both additions being 
calculated on the weight of the pure 
lubricating medium, said sulfurized low 
molecular weight aromatic substituted 
olefine being a compound. 


Emulsifiable Oil Composition, Patent 
2,794,000 (P. M. Ruedrich, assignor, by 
mesne assignments, to Nopco Chemical 
Co.) The process for the manufacture of 
an emulsifier which comprises: reacting 
at a temperature between about 300 F. 
and about 375 F. a mixture of fatty acid 
having at least eight carbon atoms per 
molecule, ethylenediamine tetraace- 
tic acid and a stoichiometric excess of a 
dialkanolamine until between 90% and 
96% of the total acid value is consumed 
in a water-splitting reaction and remov- 
ing from the product the water so split 
off, the ethylene-diamine tetraacetic acid 
being present in said mixture in an 
amount between about 4 and 8 mol per- 
cent of the total acid. 


Nonspreading Lubricant, Patent 2,794,- 
037 (J. S. Martin, Jr., assignor to Ham- 
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ilton Watch Co.) A_ spread resistant 
lubricant, comprising alpha-phenyl, gam- 
ma-caprylate glycerol, characterized by 
having a pour point of —40 F., a coeffi- 
cient of friction of .08, a good resistance 
to spread and a low evaporation rate. 


Basic Zinc Dialkyl Dithiophosphates 
and Methods of Making the Same, Pat- 
ent 2,794,780 (V. P. Wystrach, E. O. 
Hook and G. L. Christopher, assignors to 
American Cyanamid Co.) A hydrocarbon 
mineral lubricating oil composition com- 
prising a relatively large proportion of a 
hydrocarbon mineral lubricating oil hav- 
ing dissolved therein a relatively small 
amount from about 0.1% to about 5% 
by weight, sufficient to inhibit deteriora- 
tion of the oil by oxidation, of a basic 
zine dithiophosphate. 


High Temperature Aromatic-Free Min- 
eral Lubricating Oil Compositions, Pat- 
ent 2,794,781 (H. Diamond and C. L. 
Mahoney, assignors to Shell Develop- 
ment Co.) A lubricating composition 
comprising a major amount of an aro- 
matic-free essentially isoparaffinic lubri- 
cating oil obtained by isomerizing a 
paraffin wax in the presence of hydrogen 
and an isomerizing catalyst at a tempera- 
ture between about 300 C. and 550 C. 
and thereafter dearomatizing the oil and 
incorporating therein a minor, but oxida- 
tion-stabilizing amount, of an oil-soluble 
cadmium salt of a thiocarbamic acid. 


Anti-Rust Emulsion Resistant Mineral 
Oil Composition, Patent 2,794,782 (FE. P. 


Cunningham and D. W. Dinsmore, as- 
signors to Monsanto Chemical Co.) An 
anti-rust mineral oil fraction containing 
dissolved therein (a) between about 
0.001% and about 50% by weight based 
on the mineral oil of the reaction product 
obtained by reacting an aliphatic mono- 
carboxylic acid containing from 10 to 30 
carbon atoms with a polyalkylenepoly- 
amine of the formula HzN(C:H:NH).H, 
wherein z is an integer from 2 to 6 inclu- 
sive, to produce an intermediate product 
and reacting an alkenyl succinic acid an- 
hydride wherein the alkenyl radical con- 
tains from 8 to 18 carbon atoms with said 
intermediate product, the said reaction 
product dissolved in the said mineral oil 
fraction providing a solution character- 
ized by being normally susceptible to 
the formation of oil-in-water emulsions 
in the presence of water, and (b) be- 
tween about 0.001% and about 15% by 
weight based on the mineral oil of a 
dimeric acid produced by the condensa- 
tion of unsaturated aliphatic monocar- 
boxylic acids having between about 16 
and about 18 carbon atoms per molecule. 


Contact Filtration of Lubricating Oils, 
Patent 2,795,585 (G. W. Crosby, LeRoy 
W. Holm, R. W. Morrison and W. J. 
Sandner, assignors to The Pure Oil Co.) 
In a process for reducing the neturaliza- 
tion value of a lubricating oil the step 
which comprises intimately contacting at 
a temperature of about 350-550 F. an 
organic acid-containing lubricating oil 
with 3-15 pounds per barrel of oil of a 
hydrous alumino-silicate adsorbent from 


which substantially all of the bound 
water is removed without deleteriously 
effecting the structural water content of 
said absorbent for a time sufficient to 
produce a substantial improvement in the 
neutralization value reduction of said 
oil, said contacting being conducted in 
the absence of air and steam, and main- 
tained in an anhydrous condition by 
stripping during said contacting any mois- 
ture which is produced during said con- 
tacting. 


Lubricating Grease Compositions Con- 
taining O,N-Diacyl-p-Aminophenols, 
Patent 2,795,546 (D. W. Young, A. J. 
Morway and D. L. Cottle, assignors to 
Esso Research & Engineering Co.) A 
lubricating grease composition consisting 
essentially of a lubricating oil thickened 
to a grease consistency with a metal soap 
of a fatty acid having combined therein 
a minor, but oxidation resistance im- 
proving amount, of a compound. 


Lubricating Oil Compositions, Patent 
2,795,547 (O. L. Harle and J. R. Thomas, 
assignors to California Research Corp.) 
A lubricant composition comprising an 
oil of lubricating viscosity and boron 
ethyl acetoacetate in an amount. suffi- 
cient to inhibit corrosion. 


Lubricant Compositions, Patent 2,795,548 
(J. R. Thomas and O. L. Harle, assignors 
to California Research Corp.) A lubri- 
cant composition consisting essentially 
of an oil of lubricating viscosity and a 
member of the group consisting of bo- 


DRAVO-DeLAVAL Lubrication Systems for Bowaters 





Oil cellar for one of the lubricating systems at Bowaters 


Southern Paper Corporation, Calhoun, Tennessee. 
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Three Dravo-designed systems automat- 
ically lubricate the dryer roll sections of 
the huge Fourdrinier paper machines at 
Bowaters Southern Paper Corporation’s 
plant at Calhoun, Tennessee. A fourth 
system supplies oil for fourteen pulp 
grinders of which six are driven by 6000 
hp motors and eight by 4500 hp motors. 

In service for more than three years, the 
lubricants have shown no change in vis- 
cosity, no oxidation, no water content and 
no acidity. The systems are equipped with 
micronic filters, centrifugal oil purifiers 
and include temperature and pressure con- 
trols, pumps, tanks, pressure reducing 
stations and control panels. 

For full information on cost-saving 
Dravo-DeLaval Lubrication Systems, write 
for Bulletin No. 1450, DRAvo CORPORA- 
TION, PITTSBURGH 22, PENNSYLVANIA. 
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UCON 


Fluids and Lubricants 
Hydraulic fluids 


Fire-resistant hydraulic fluids 
Gear lubricants 
High-temperature lubricants 
Low-temperature lubricants 
Rubber lubricants 

Packing lubricants 
Compressor and Pump lubricants 
Lift-truck lubricants 
Metal-working fluids 
Heat-transfer fluids 

Grease components 

Textile lubricants 

Defoamers 

De-emulsifiers 

Cosmetic components 

Ink and Dye diluents 
Leather softeners 

Solvents and Plasticizers 
Chemical intermediates 


These polyalkylene glycols and derivatives 
are available in both water-soluble and 
water-insoluble series, with or without addi- 
tives. Viscosities of Ucon fluids and lubri- 
cants range from 50 to 90,000 S.U.S. at 
100° F. 

UCON fluids and lubricants have a record 
of proved performance. Find out what they 
can do for you. Write for booklet 6500. 





UNION CARBIDE 
CHEMICALS COMPANY 


Division of Corporation 


30 East 42nd Street, New York 17, N.Y. 


“*Ucon" is a registered trade-mark of UCC. 
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rates of alpha- and beta-glycols of 2 to 
18 carbon atoms and 4-tert.-butyl pyro- 
catechol in an amount sufficient to in- 
hibit corrosion. 


Lubricating Oil Compositions, Patent 
2,795,549 (A. D. Abbott, O. L. Harle and 
J. R. Thomas, assignors to California 
Research Corp.) A lubricant composi- 
tion consisting essentially of a mineral 
lubricating oil for internal combustion 
engines containing minor amounts of 
alkaline earth metal petroleum sulfonate 
and alkaline earth metal alkyl phenate 
which is normally corrosive to alloy 
bearings and from about 0.01 to about 
5.0 percent by weight based on the oil of 
a vanadate of alpha- and beta-glycols of 
6 to 10 carbon atoms. 


Lubricating Oil Compositions, Patent 


| 2,795,550 (O. L. Harle, J. R. Thomas and 


A. D. Abbott, assignors to California Re- 
search Corp.) A lubricant composition 
consisting essentially of a mineral lubri- 
eating oil for internal combustion en- 
gines containing minor amounts of alka- 
line earth metal petroleum sulfonate and 
alkaline earth metal alkyl phenate, which 
is normally corrosive to alloy bearings, 
and from 0.01 to about 5.0 percent by 
weight based on the oil of a member of 
the group consisting of glycolic acid 
molybdate and oxalic acid molybdate. 


Lubricant Compositions, Patent 2,795,- 
551 (O. L. Harle, and J. R. Thomas, as- 
signors to California Research Corp.) A 
lubricant composition comprising an oil 
of lubricating viscosity and a member of 
the group consisting of arsenites, arse- 
nates, antimonites, and antimonates of 
alpha- and beta-glycols of 6 to 10 carbon 
atoms and 4-tert.-butyl pyrocatechol in 
an amount sufficient to inhibit corrosion. 


Lubricant Compositions, Patent 2,795,- 
552 (W. Lowe, assignor to California Re- 
search Corp.) A lubricant composition 
comprising an oil of lubricating viscosity 
and a member of the group consisting of 
titanates of alpha- and beta-glycols of 
6 to 10 carbon atoms in an amount suffi- 
cient to inhibit corrosion. 


Lubricating Compositions, Patent 2,796,- 
400 (G. H. Thornley, assignor to C. C. 
Wakefield & Co. Ltd.) A lubricating 
composition consisting essentially of a 
mixture of castor oil, mineral oil and at 
least one ester selected from the group 
cons'sting of the aliphatic and cyclo- 
aliphatic alcohol esters of organic dicar- 
boxyliec acids. 


Complex Formal Lubricating Composi- 
tion, Patent 2,796,401 (A. H. Matuszak, 
W. E. McTurk, D. L. Cottle and D. W. 
Young, assignors to Esso Research & 
Engineering Co.) As a synthetic lubri- 
cant, a complex formal having an ASTM 
pour point below about 35 F., a flash 
point above about 300 F., and a kine- 
matic viscosity at 210 F. within the range 
of from 2 to 60 centistokes. 


Extreme Pressure Lubricant Composi- 
tions, Patent 2,796,402 (H. D. Kluge and 
T. C. Roddy, Jr., assignors to The Texas 





Co.) A lubricating composition compris- 
ing an oleaginous material selected from 
the group consisting of hydrocarbons, 
esters, polyethers, and mixtures thereof 
having lubricating properties as the ma- 
jor component and a minor amount 
sufficient to impart extreme pressure 
properties thereto of a 2-thiono-4-keto- 
thiazolidine compound. 


Extreme Pressure Lubricant Composi- 
tions, Patent 2,796,403 (H. J. Watson 
and H. D. Kluge, assignors to The Texas 
Co.) A lubricating composition compris- 
ing a mineral lubricating oil as the major 
component and a minor amount suffi- 
cient to impart anticorrosive properties 
thereto of a 3-hvdrocarbon-substituted 
rhodanine compound. 


Extreme Pressure Lubricant Composi- 
tions, Patent 2,796,404 (H. Levin, as- 
signor to The Texas Co.) A lubricating 
composition comprising a mineral lubri- 
eating oil having lubricating properties 
as the major component and a minor 
amount sufficient to impart extreme pres- 
sure and anticorrosive properties thereto 
of a 5-alkvlaminobenzylidenerhodanine 
compound. 


COMING EVENTS 
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September 14-19 


Instrument-Automation Conference and 
Exhibit, Convention Hall, Philadel- 
phia, Pa. 


September 24-25 


National Association of Corrosion Engi- 
neers, Guided Field Corrosion Tour, 
San Joaquin Valley, Calif. 


September 23-26 


Iron and Steel Exposition and Conven- 
tion, Cleveland Auditorium, Cleveland, 
Ohio 


September 30-October 1 


National Screw Machine Products Asso- 
ciation Executive Seminar, Brock- 
Sheraton Hotel, Niagra Falls, Canada 


October 1-2 


Radio Interference Reduction Confer- 
ence, Museum of Science and Indus- 
try, Chicago, IIl. 


October 13-15 
National Electronics Conference, Hotel 
Sherman, Chicago, Ill. 


October 13-15 
ASLE-ASME Lubrication Conference, 
Hotel Statler, Los Angeles, Calif. 
October 27-29 


NLGI 26th annual meeting, Edgewater 
Beach Hotel, Chicago, III. 
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LUBE LINES 
(Cont. from p. 337) 


the necessity for overhaul, provided that bearing seals 
and other machinery housings are properly gasketed 
to retard windage and penetration of dust into chain 
and gear cases or into other lubricant reservoirs. 

Past history and records as to parts replacement 
and other maintenance procedures are valuable as a 
guide to overhaul periods and the relation to cleanli- 
ness. By calculating the cost of time loss and product 
interruption when a machine is down for overhaul and 
by balancing this combined monetary value against 
the relatively insignificant cost of cleaning, the pro- 
duction value of the latter is self-evident. 

While effective lubrication is based on a number 
of requirements such as suitability of the lubricant 
for the operating conditions, the method of applica- 
tion, facilities for protection, and cleanliness it is im- 
portant to remember that some types of lubricants are 
self-protecting, so to speak. We have in mind the 
heavy duty motor oils which, by virtue of inclusion of 
a dispersive additive, are capable of carrying in sus- 
pension finely divided insoluble particles which result 
from oil decomposition and engine fuel combustion. 
This property of dispersion prevents such contami- 
nants from causing sludge build-up on engine oil 
filters, in bearing grooves or elsewhere to retard oil 
circulation. Provided that the oil filter is functioning 
and periodic draining and replacement with new oil 
is carried out, engine overhaul can be postponed in- 
definitely. 





Lubrication of Outboard Motors 
(Cont. from p. 342) 


Engines that are over-cooled will show extensive 
cylinder wall rusting in storage unless given special 
treatment. It has been found from practical experience 
that choke-stopping the engine before such storage 
periods is definitely beneficial. However, even in such 
cases, it depends upon the lubricant in the gasoline 
having adequate anti-corrosion properties to afford 
the protection necessary. 

8. GuM FORMATION. The formation of gum on carbu- 
retor and other parts contacting the gasoline hardly 
seems to be a function of the lubricating oil. However, 
it is hoped that oil producers can provide an additive 
that inhibits the formation of gum. It is important to 
guard against gum formation, as the outboard motor is 
frequently laid away for extended periods of time. It is 
not unusual for storage to extend several years with- 
out draining fuel from the system. 

9. ACTION ON RUBBER PARTS. Rubber parts used in the 
fuel system are normally considered resistant to gaso- 
lines as used in the United States. In the development 
of an outboard oil, it would be well to keep in mind 
that additives damaging to rubber parts should be 
avoided. 

10. THE EFFECTS OF LEAD IN THE GASOLINE. It is hoped 
that in the development of a special outboard motor 
oil, an additive to reduce effects of leaded fuels, par- 
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ticularly on the spark plug and combustion chamber 
deposits, can be incorporated. 


CONCLUSIONS 


The two-cycle engine industry feels that much is 
to be gained if petroleum products could be developed 
to specially meet the needs of the outboard engine. 
Admittedly, engine manufacturers can do considerably 
more toward adapting their products to existing fuels 
and lubricants. But, to build more efficient two-cycle 
engines that will better meet the needs of an ever- 
growing market, it would be highly desirable to have 
the active cooperation of the petroleum industry in 
developing specific products for the purpose. 





AN OMISSION The name of E. F. Houghton & Co. was inad- 
vertently omitted from the list of industrial members in the 
April 1958 aste Transactions. E. F. Houghton & Co. is a long- 
time member of the society. 


CLASSIFIED . . 





OPENING FOR SALES ENGINEER 


Excellent opportunity for sales engineering position with long- 
established manufacturer of cutting, grinding, and drawing 
compounds, rust preventives, and cleaning materials for metal 
trades. Should have genuine interest in industrial sales work 
and knowledge of shop operations where products are used. 
Technical background and experience desirable. Salary plus 
commission. Location—Cleveland. Write: Box L.E. 8-58, Lu- 
brication Engineering, 84 E. Randolph St., Chicago 1, Il. 








ATTACH THIS COUPON to a 3-cent postcard and obtain fur- 


ther information on exhibit areas at the 1959 Annual Meeting 


i 
ASLE 
84 E. Randolph St. 
Chicago 1, Ill. 


Gentlemen: 


Please send me the Exhibit Brochure on the 1959 Annual 
Meeting by return mail. 
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Keep the storm out of your 
hydraulic system... 










SCHROEDER fic. Line Filters 
Pressures up to 2000 PSI 


Your hydraulic system operates in a storm of harmful dirt par- 
ticles, both from the air surrounding your system and from dirt 
particles generated, through wear, within the system itself. 





STANDARD 
MESH 






STRAINER 


gees Increase your operating efficiency . . . 


Schroeder Line Filters increase your components. Operating temperatures 
hydraulic system operating efficiency are lowered . . . hydraulic fluid life is 
economically! Harmful, minute dirt extended . . . corrosive action is mini- 
particles, which can pass through the mized! Schroeder Line Filters, with 
standard mesh strainer in your system, their replaceable filter elements, can 
are filtered out and prevented from remove particles as small as .000118 
wearing out pumps, valvesand machine _ inch from your hydraulic system. 


T Optional SpinDi- 
cator tells when 


Cc Oo R P oO R A ¥ | O N to change filter 


element. 
NICHOL AVE., BOX 72, McKEES ROCKS (Pittsburgh District), PA. 
HYDRAULIC «+ ELECTRIC and PNEUMATIC EQUIPMENT 
aA RRA LD NRELLL OLE RITE DDL ICD BELGIAN ESE SS 
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Alemite' Tri-Duty" 


air line controls | 





All-New...for the cleanest, driest, best- 





: f « i li j t i ti 
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Automatic Water Separator! Removes all of 
condensate, all the time. Traps dirt particles to 


prevent damage to sensitive air line devices. 
Handles all air line pressure up to 200 PSI and 


flow volume from 5 to 50 CFM. 


Air Regulator with Gauge! Assures accurately 
controlled air — prevents erratic operation and 
damage to equipment. Adjusts to any pressure up 


to 200 PSI. 


Automatic Air Line Lubricator ! Provides auto- 
matic lubrication to air-operated mechanisms. 
Air stream controlled by compensating Venturi 


valve. Nine-ounce capacity. 


WATER 
SEPARATOR 














AIR 
REGULATOR 


AIRLINE 
LUBRICATOR 


All-New features offer cutstanding advantages: 


1. Single Unit Control Lubricator. 
Regulates the exact oil output required. 


2. Visual Oil Counter. Oil sight dome 
in lubricator permits visual observation 
and count “per-drop”’ of lubrication. 


3. Uniform Oil Mixture. Regardless 
of air pressure and volume! 

4. Consistent Output. Oil and air mix- 
ture proportionately constant. 


5. Easily Installed. Straight “inline” 


pipe connections... 42” p.t. inlet and out- 
let ports. 


6. Wide Oil Range. Handles alli vis- 
cosities of oil up to 500 SSU at 100° F 


7. Continuous Operation. Oil reser- 
voir is refillable while unit is in operation. 


8. Instant Oil Feed. For intermittent or 
continuous tool operation—no lag! 


9. Filter Oil Tube. Removes all con- 
tamination from oil passing into air line. 


10. Concentric Venturi Design. 
Assures constant, uniform mixture of air 
and oil. 


11. Contamination-Free Air. Remov- 
able strainer in Air Regulator traps minute 
dirt particles. 


12. Effective Control of Air Flow. 
Air Regulator eliminates excessive pres- 
sures and sudden surges. 


13. 100% Condensate Removal. 
Water Separator removes and automati- 
cally dumps 100% of the condensate pres- 
ent in air lines. 


Mail Coupon for Full Information! 


ALEMITE, Dept. DD-88 
1850 Diversey Parkway, Chicago 14, Illinois 


Please send me all the facts about Alemite’s new ‘Tri-Duty” 
Air Line Controls. 


Symbol of 


ALEMITE 


DIVISION 
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WE DO PRACTICE THE 
MECHANICS OF LUBRICATION 


DENSOIL GEARKOTE 
METALICOIL METALICGREASE 
NOMELT NONSEPARA 


Cthe HODSON CORPORATION 


5301-11 West Sixty-Sixth Street 
CHICAGO 38, ILLINOIS 


Printed in U.S.A. 
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